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Which samples?

ÅPurified protein soltions (Single Particle Analysis)
ÅStruture determination at atomic resolution

ÅCells, monocellular organisms
ÅIn-situ study, proteins in their netural environment



Cryo-EM principle

3D structure of the protein



The traditional sample preparation method

One session at the Vitrobot

600µm

Lengthy optimizationsé

Å Poor reproducibility of thin ice 

film production

Å Slowgrid screening process

Å Multi-parametric optimizations

Å ñNo size fits allò



EasyGrid, automated Cryo-EM sample preparation

EMBL - GR EMBL ïHD
&

Imaging Centre



Preparation process for SPA samples

Principle

Cryo-EM grid

Plasma 
Treatment

Sample
Deposition

~100 x 70pl = 7nl

Sample
Spreading

~ 30ms

Ethane(ǎ)
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Components

ÅAtmospheric plasma 

treatment



Components

ÅAtmospheric plasma 

treatment

ÅAdvantage:

Å In-line hydrophilic 

treatment 

Å Minimum time between 
treatment and sample 

deposition

Å Possibility of material 

deposition and use of  
other gases
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Components

ÅAtmospheric plasma 

treatment

ÅPicoliter drop dispenser

ÅAdvantage:

Å Highly repeatable

Å Controlled deposition

45pl

1.5pl

Supposing 100nm 

sample thickness
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ÅAtmospheric plasma 
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ÅPicoliter drop dispenser

ÅChamber

Å Pressure wave generator 

Å Humidity control

Å Ethane jet for vitrification



Components

ÅAtmospheric plasma 

treatment

ÅPicoliter drop dispenser

ÅChamber

Å Pressure wave generator 

Å Humidity & temperature 

control

Å Ethane jet for vitrification

ÅAdvantage:

Å Contactless spreading

Å Higher cooling rate
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ÅPicoliter drop dispenser

ÅChamber

Å Air blades (spreading)

Å Humidity control

Å Ethane jet for vitrification

ÅDigital Holographic 

Microscope (DHM)
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ÅAtmospheric plasma 
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Å Air blades (spreading)

Å Humidity control
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ÅDigital Holographic 
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Å Control of the sample 
thickness
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ÅDewar

Å Storage in Liquid Nitrogen

Å Ethane reservoir
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The EasyGrid machine ïsample storage 

RFID tag

EM grid box

SIN chip box

Capacity : 10 boxes = 40 EM grids 





GUI 



Purified protein structures

apoferritin ribosome rhodopsin

Ravg = 1.9ᴠ Ravg = 2.τᴠ Ravg = 2.σᴠ



Time-Resolved experiments -
Towards movies of biochemical reactions

 1 =‏ 0 =‏

adapted from protopedia.org



Time-Resolved experiments -
Towards movies of biochemical reactions

Photo-activation 

module

Mixing with double

dispense

Dispensing photo-

sensitive mix

ætfrom 5 to 300 ms

Ethane(ǎ)

Sample spreading

Photo-activation

 0 =‏
 1 =‏



Towards time resolved studies (light triggerig)

Light triggering setup (CAD) Light triggering video ïSlow motion
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Cell vitrification for in-situ imaging

Micro-patterned

Cryo-EM grid

X-Ray imaging

Ethane(ǎ)

Culture

medium

Medium

removal
Pressure 

Waves

(200-700ms)

Cryo-ET

Focused Ion Beam 

(FIB)-milling

Medium

removal

Pressure

Waves

(80-200ms)

Dispensing

Vitrification

Cells in suspension Adherent cells

Cell

Grid

Lamella

adapted from Villa et al., Curr.Op.Struct.Biol. 2013



Cryo-ET FIB-SEM and data collection



Cryo-Electron Tomography of HeLa cells

5µm

Lamella of jet-frozen HeLa cell (EasyGrid)

Cryo-ET

Cytosol Nucleus

Cryo-ET

Julia Mahamid et al., Visualizing the molecular sociology at the HeLa cell nuclear periphery.Science351 ,969-
972(2016).DOI:10.1126/science.aad8857

Cell

Grid

Lamella

adapted from Villa et al., Curr.Op.Struct.Biol. 2013

https://doi.org/10.1126/science.aad8857
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Questions?

Thank you



Preserving natural shape (Trypanosoma brucei)

T. brucei

Leica GP2 EasyGrid



Leica cryo-plunger EasyGrid

Phase images

XRF image

K/Fe

distribution map 

(area density ng/mm2)

10um10um

X-ray nano imaging (ESRF ID16A)

Toxoplasma Gondii infected HFF cells (24h post infection)



Cryo-Electro Tomography principle



Improvement in ice quality (HeLa cells)
Leica GP2 EasyGrid



Cell vitrification for in-situ imaging

Micro-patterned

Cryo-EM grid

X-Ray imaging

Ethane(ǎ)

Culture

medium
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removal
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Waves
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Focused Ion Beam 
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Medium

removal
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Dispensing
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adapted from Villa et al., Curr.Op.Struct.Biol. 2013



Ideal sample for Single Particle Analysis 

10nm holey carbon film

200um Copper grid

5
0
-2

0
0
 n

m

Vitrified particle mono-layer

Vitrification: rapid freezing of the sample to form amorphous ice and not crystalline. 



Rapid switch between sample supports



2D Phase Reconstructions (25nm/pixel) - Toxoplasma Gondii infected HFF cells (24h post infection)

Plunger leica
EasyGrid

150ms pressure wave

Ice layer thickness can be tuned

EasyGrid

80ms pressure wave

150-200 nm 10 um Estimation : < 2 um 

X-ray nano imaging (ESRF ID16A)



Quality control

EasyGrid ïuse cases

Single Particle Analysis Cell vitrification



Quality control

EasyGrid ïuse cases

Single Particle Analysis Cell vitrification



The traditional workflow for Cryo-EM SPA

Sample 
vitrification

Data-
collection

Structure

EasyGrid



The EasyGrid workflow for Cryo-EM SPA

Sample 
vitrification

Quality 
control

Data-
collection

Structure

EasyGrid EasyGrid Control



EasyGrid Control machine



EasyGrid Control - principle

45

Laser 
source

Reference beam

Sample

Beam 
splitter

Phase 
shift

Interferences

Thickness map

Cryo



EasyGrid Control cryo observation column



SPA Grids ïthickness map

EGC Image from Cryo-EM
Low resolution atlas



SPA Grids ïthickness map

EGC Glacios atlas


