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CRYOEM 001 : SINGLE PARTICLE MASTERCLASS

Introduction to cryoEM: SPA
Building a cryoEM toolkit

EM compatible samples
EM support films and grids
Sample preparation

Tools of the trade:
microscopes and detectors

Microscope operations

Data collection strategies

Data assessment & QC

Data processing:

cryoEM IT infrastructure
On-the-fly feedback
3D Reconstruction

Visualization and validation



GRIDS

Common Materials
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https://www.tedpella.com/grids_html/




GRIDS: STATS

Rough grid parameters
Rim Width: 350-400um.

Thickness: PELCO® Grids are
approximately 25um thick.

Diameter: 3.0 to 3.05mm

Finish: Copper, Nickel and Gold grids have a
matte 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 = 127um

PELCO® Grid Size
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TERMINOLOGY

Grid (Cu, Au, Mo, eftc...)

* mesh

Foil (C, Au, etc...)

* Continuous

* lacy

* holey (hole size and spacing)
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HOLEY CARBON SUPPORT FILMS

FORMVAR ONLY SUPPORT FILMS
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EM-TEC SILICON NITRIDE TEM CALIBRATION & TEST STANDARDS
SUPPORT FILMS

https://edgescientific.com/product-category/tem-supplies/tem-support-films/
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LACEY CARBON SUPPORT FILMS

TEM GRID STORAGE BOXES



FLOATING SUPPORT FILMS
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Procedure for applying support films

Chang and Barford, 2018



SUPPORT FILMS

Support films used in negative stain

www.mcb.ucdavis.edu/cryoem/microscopy101.html

Baker, 2007



NEGATIVE STAINING

Heavy metal salt solution surrounds sample

*  Continuous carbon support film

* Protocol: glow discharge, sample, wash, stain

*  NCCAT: UA/UF, PTA, ammonium molybdate

Advantages: high contrast, easy to learn, high SNR, radiation resistant, 3D reconstruction possible

Disadvantages: structural collapse & flattening artifacts, non-native environment, ~20 A max resolution

www.mcb.ucdavis.edu/cryoem/microscopy101.html

Baker, 2007



| SUPPORT FILMS

Cho, Hye-Jin & Hyun, Jae-
Kyung & Kim, Jin-Gyu &
Jeong, Hyeong & Park, Hyo
& You, Dong-Ju & Jung,
Hyun. (201 3). 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.

Quantifoil grid Lacey carbon grid C-flat grid



SUPPORT FILMS

Cho, Hye-Jin & Hyun, Jae-
Kyung & Kim, Jin-Gyu &
Jeong, Hyeong & Park, Hyo
& You, Dong-Ju & Jung,
Hyun. (201 3). 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.

Making your own holey carbon:

http://dx.doi.org/10.1016 /j.ijsb.2013.11.002

Making your own lacey carbon:

https: / /www.2spi.com /making-lacey-carbon/



HOMEMADE HOLEY CARBON

Journal of Structural Biology 185 (2014) 42-47
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Jourval af
Structural
Biology, |

Contents lists available at ScienceDirect

Journal of Structural Biology ;

journal homepage: www.elsevier.com/locate/yjsbi

Fabrication of carbon films with ~500 nm holes for cryo-EM @Cwssm
with a direct detector device

Chelsea R. Marr*®, Samir Benlekbir?, John L. Rubinstein *""
*Molecular Structure and Function Program, The Hospital for Sick Chiidren Research Institute, Toronto, Canada
® Department of Biochemistry, The University of Toronto, Canada

“Department of Medical Biophysics, The University of Toronto, Canada

ARTICLE INFO ABSTRACT
Am'd_e history: Single particle electron cryomicroscopy (cryo-EM) is often performed using EM grids coated with a per-
Received 3 September 2013 forated or holey layer of amorphous carbon. Regular arrays of holes enable efficient cryo-EM data collec-

Received in revised form 31 October 2013
Accepted 12 November 2013
Available online 21 November 2013

tion and several methods for the production of micropatterned holey-carbon film coated grids have been
described. However, a new generation of direct detector device (DDD) electron microscope cameras can
benefit from hole diameters that are smaller than currently available. Here we extend a previously pro-
posed method involving soft lithography with a poly(dimethylsiloxane) (PDMS) stamp for the production

Keywqrds: of holey-carbon film coated EM grids. By incorporating electron-beam (e-beam) lithography and modify-
cryo-EM 2 3 F 2 3
Holey carbon ing the procedure, we are able to produce low-cost high-quality holey-carbon film coated EM grids with
Specimen preparation ~500 nm holes spaced 4 um apart centre-to-centre. We demonstrate that these grids can be used for
Direct detector cryo-EM. Furthermore, we show that by applying image shifts to obtain movies of the carbon regions
Contrast transfer function beside the holes after imaging the holes, the contrast transfer function (CTF) parameters needed for cal-
Nanofabrication culation of high-resolution cryo-EM maps with a DDD can be obtained efficiently.

© 2013 Elsevier Inc. All rights reserved.




PLUNGE FREEZING

TEM grid
material

Product 1500x (45°) 3000x 10,000x 20,000x

CF-MH-2C
CF-MH4C
multi hole and space =

Hole Diameter

. \
= 000 é CF-1/1-2C
CF-114C :
0000 1.0pm hole, 1.0 um space g .
©0 00 I O
00 OO
) | CF-1.2/1.3-2C
Hole Spacing CF-1.2/1.34C
S ofcarbor i 1.2um hole, 1.3 pm space
Insert of carbon film
TEM grid
mesh

CF-2/1-2C
CF-2/1-4C
2.0pm hole, 1.0um space :

Protochips.com

CF-2/2-2C
CF-2/24C
2.0pm hole, 2.0um space

CF-2/4-2C
CF-2/4-4C
2.0pm hole, 4.0um space

CF-4/2-2C
CF-4/24C
4.0pm hole, 2.0pm space

https: / /scienceservices.de /de /verbrauchsmaterial-werkzeuge /tem-grids /info-tem-grids /coatings-and-coating-materials



https://scienceservices.de/de/verbrauchsmaterial-werkzeuge/tem-grids/info-tem-grids/coatings-and-coating-materials

PLUNGE FREEZING

Sample suspended in physiological buffer

* Holey carbon support film: C-flats, Quantifoil

* Protocol: glow discharge, sample, blot, plunge freeze

*  NCCAT: TFS Vitrobot, Leica EM GP, Gatan CryoPlunge Freezer 3, manual plunge freezer

Advantages: no fixation/dehydration/staining artifacts, learning curve, random orientation, higher
resolution than stain

Disadvantages: low contrast, low SNR, radiation sensitive, difficult to visualize <100 kD, freezing artifacts

TEM grid
material

Hole Diameter
\
000®
@000
©0 006
Hole Slpacing -—
TEM grid TR b TS A1, 100 21w }
mesh e -
Protochips.com www.mcb.ucdavis.edu/cryqem/mistescmvlQl.himlk



TRADITIONAL SUBSTRATES FOR CRYOEM

electron microscope grid

amorphous carbon membrane

um

1

bedded
protein particles

iceem

N

Quantifoil, C-flat
Cryomesh

Russo & Passmore, 2015



CHALLENGES

Proteins interact with surfaces present during the
blotting process

Denaturation of proteins, preferential orientations

Electron radiation induces motion of the particles and
substrates

Image blurring

Additional layer of carbon reduces signal to noise per
particle

alignment more difficult

Overall lack of reproducibility from grid to grid



GOLD GRIDS

f

ice embedded

protein particles

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
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GOLD GRIDS

Amorphous carbon

Russo & Passmore, 2015



RMS particle displacement (A)

GOLD GRIDS: HOW MUCH BETTER?

Exposure time (msec)

0 300

600

Carbon

6 9
Fluence (e /A%)

917

147

A. 80S ribosome movement during
irradiation supported by amorphous
carbon and gold using same imaging
conditions.

Apoferritin density maps using same
imaging conditions and identical
processing for B. carbon and C. gold
substrates. B. is at 25 A'and C. 8 A

resolution.

Russo & Passmore, 2015






HOW TO MAKE YOUR
OWN GOLD GRIDS

1.

2.
3.

Buy gold grids with holey carbon
on them

Evaporate gold on the grids

Remove carbon




HOW TO MAKE YOUR
OWN GOLD GRIDS

Edwards Auto306




WHY NOT JUST BUY GOLD GRIDS?

K1n_Beam_Tilt_image
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SUPPORT FILMS AND GRIDS

Resolving power of microscopes

im 1dm 1em 1mm 100 pm 10pm 1pum 100 nm 10nm inm 0.1 nm
im 10t m 102 m 103 m 10%m 10-5m 108 m 107 m 103 m 10%m 1010 m

(2

Electron microscope

" height of width | | width ' thickness | | size of a size of a sizeofa | | sizeofa || sizeofa | atom |

|
a5 year of a of a of human red blood bacterium virus DNA glucose
old child hand finger hair cell particle molecule | molecule
o Copyright. 2012, University of Waikato, All Rights Reserved

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



ADDITIONAL SUPPORT FILM TOPICS

* Protect the protein from denaturation by blocking air-water interface

Gra ph ene Oxide * Alleviate preferred orientation problem.
* Very thin (one layer of atoms).

Thin Continuous carbon

Affinity grids

No graphene

Grid treatments

*Glow discharging

*Poly-lysine

*PEG , )
Graphene oxide covered grids Eugene Palovcak et al., 2018

Without Graphene With Graphene hydrogenation




ADDITIONAL SUPPORT FILM TOPICS

Graphene Oxide

* Plasma is created by ionization

Thin Con’rinuous carbon * lons interact with grid surface to remove organic contamination and make the it
hydrophilic

Affinity grids

Grid treatments

*Glow discharging

Ted Pella easyGlow (c. 2015) Edwards S150B (c. 1995) Edwards 12E6 (c. 1962)

*Poly-lysine
*PEG
*ECM proteins

L.A. Passmore et al.. 2016



The Spotiton Project: Improving cryoTEM grid preparation

New Technologies

Accurate pL dispensing Thin films without blotting

Voltage waveform on dispense head
- - - -

i of b el L

Programmable number of droplets



The Spotiton Project: Improving cryoTEM grid preparation
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Dandey VP, Wei H, Zhang Z, Tan YZ, Acharya P, Eng ET, Rice WJ, Kahn PA, Potter CS, Carragher B. Spotiton: New features and applications. Journal of structural biolog
Wei H, Dandey VP, Zhang Z, Raczkowski A, Rice WJ, Carragher B, Potter CS. Optimizing "self-wicking" nanowire grids. J Struct Biol. 2018;202(2):170-4.

Venkat Dandey

Hui Wei



The Spotiton Project: Improving cryoTEM grid preparation
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Dandey VP, Wei H, Zhang Z, Tan YZ, Acharya P, Eng ET, Rice WJ, Kahn PA, Potter CS, Carragh’eFB'. Spotiton: New features and applications. Journal of structural biolog

Wei H, Dandey VP, Zhang Z, Raczkowski A, Rice WJ, Carragher B, Potter CS. Optimizing "self-wicking" nanowire grids. J Struct Biol. 2018;202(2):170-4.

Venkat Dandey Hui Wei



The Spotiton Project: Improving cryoTEM grid preparation

“Self-blotting” nanowire grids

rils ;’4' P A' e ~ g
P 3/1/2017 HV 30 um
3:26:03PM | 200kV  99.5um | 11.¢ mm NYSBC Helios 650
Nanowires can be grown on copper grids using a simple chemical treatment

Wei H, Dandey VP, Zhang Z, Raczkowski A, Rice WJ, Carragher B, Potter CS. Optimizing "self-wicking" nanowire grids. J Struct
Biol. 2018;202(2):170-4.

Hui Wei



The Spotiton Project: Improving cryoTEM grid preparation
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The Spotiton Project: Improving cryoTEM grid preparation
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The Spotiton Project: Improving cryoTEM grid preparation

Single frame from loop Video loop
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SUPPORT FILMS

Questions?

AND GRIDS



WHAT NEXT?

Building a cryoEM toolkit
EM compatible samples
EM support films and grids
Sample preparation

Tools of the trade:

s Y e

microscopes and detectors
Microscope operations
Data collection strategies
Data assessment & QC
Data processing:

* cryoEM IT infrastr
* On-the-fly fee
* 3D Reconstru
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10. Visualization an



