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The examination of frozen-hydrated specimens by cryo-

electron microscopy Is a rapidly developing technique,
which has much potential for the analysis of low atomic
number samples.

Although there are
several technical

difficulties, Cryo-
electron microscopy
represents a

powerful analytical
tool.
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Why Use Cryo-EM?

Capability to determine structure Fast & inexpensive sample
of less stable complexes (freezing prep (no crystallization, no
preserves the sample) isotopic labelling)

Capability to determine

Very little sample needed (10-

. structure of big complexes in
100 times less than NMR)

physiologically relevant state
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CRYO -TEM APPLICATION

Thin films like transmembrane proteins or helical arrays of
proteins, can provide structural information about 2-D
ordered arrays of protein.

Thin film of vitrifled agueous suspension allow to
observe particles in their native state (colloids like
nanoparticles, liposomes or micelles)

Vitreous sections of larger objects such as cells and
tissues that cannot generally observed directly.
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proteins and viruses and Procaryotic cells Eukaryotic cells
small molecules protein complexes vesicles and organelles

1A

1nm

NMR spectroscopy

Lo
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X-ray crystallography

Size range of object investigated

«=»Resolution attainable

Single Particle Crys

super resolution
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Cellular organization in
tissue

Function of

< Protein coding Gene Structure of
Protein in cells

| Folded Protein
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Transmission Electron Microscopy studies

Limited by four general factors: Conventional TEM preparation:

: A Chemical fixationglutaraldehyde
1. Electrons needhigh vacuunto form a beam (GA) and osmiurtetraoxide (OsQ)

able to go throw the sample.
A Dehydration
2. Hectronsheatthe sample. A Resin embedding
3. Lowpenetration powerof electrons. A Sectioning
o _ A Stainingwith heavy metalsuranyl

4. Images areD projectionsof the specimen. acetate (UA) and iead citrate (LC)

Samplesthat havelow Z orcontainingwater pose
serioudimitations

SOURCE OF ARTIFACTS

PRESERVATION LIMITED
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Samplefixation

.~ 10nmfixation

ChemicaFixation
A 5-6 seconds

Crycfixation
A 0.5milliseconds

U

Physiological events:-b milliseconds!

Electrolyte diffusion: 2nicrometersper second!
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Specimen
|
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Conventional
¢ Chamical Bxation Cryo-immobilization
 Dehydration Plunge or High Pressure
e Embed in plastic Freeze Freeze
* Section <0.5pm 300um
e Stain sections l
\ 4
* Freeze substitute Cu.'yot
(low temperature) SECHONINR
* Embed in plastic l
e Section v
¢ Stain sections Cryo-ET | | Cryo-ET
! ! | }

Image on Electron Microscope
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Crycimmobilization or Crycfixation

Can also add artifacts to the sample! EEE)> WATER CRYSTALLIZATION

wi Che \d- d
X ] T cher 1 73 .
" ! ¢ R G Solutes segregation
o o & 5 ¢ )
. [ . G, — E
el _.C" ¥ o & & & ' Distortion of structure
"C .t ¢ % < e ©
N ™ C G
v Y.
e Ice
Water

Ice crystals formation depends on

ACooling rate

APressure

AWater content of the sample

ASolute concentration in thaqueousphase
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Cryaimmobilization or Crycfixation

Types of ice:

A Crystalline
Hexagonal ice EE  STRUCTURAL DAMAGES!

Cubic ice

Non crystalline
Vitreous/amorphous ice

mm) STRUCTURE REMAINS IN A GLO
TONATIVE STATE

Should mearvitrification: transformation of intrinsic water of the sample to

vitreous ice directly, avoiding crystallization.
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Crycimmobilization by plunge freezing (PF)

Areezing by immersion in a liquefied gas (primary cryogen ethane,
propane)

ASmall pieces of tissue Manual plunge freezing (chemical fixation, cryo-
protection).

ASuspensionsind cells grown on a grid. Automated plunge freezing Direct
observationof the preparedgrids(samples< 500 nm).
ACoolingrate 10,000-15,000°C/s.

i\ / Plunge freezing

........................... Tweezers
------------------------------ TEM grid or other carrier with specimen
suspension
Cryogen (propane: -186°C, ethane: -180°C)

Metal container

LN2 bath for cooling of secondary cryogen: - 196°C
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Cryo-TEM observation: plunge frozen samples

Lateral flagella isolated fro®ieromonas
Pseudomonadeceptionensi$1’ hydrophila
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Cryo-TEM observation: plunge frozen samples

Membranevesicles Membrane vesicles
Neisseriggonorrhoeae Acinetobactelbaumannii

Perez @&t al2015,PlosONE
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Crycimmobilization: Highpressure freezing (HPF)

A Freezingunderhighpressure 2,100bar
A Freezingate: 10,000-30,000°C/s
A Pressurebuilt-up mustbe asquickaspossible

A Samples<200> Y

Flat carrier system
3 mm and 6 mm
100> Y flat

inner diameter
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Cryo-TEM observation: high-pressure frozen samples

CrycElectronMicroscopyof Vitreous Sectionf CEMOVIS)

Pseudomonadeceptionensi$i1’
v':
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Delgédo let al2015, JBStructBiol
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Freeze substitution (FS)

A Combines cryammobilization and resin embedding, allowing observation at room
temperature.

A Provides complementary information that is not provided by amiyo-electron
microscopy methods: tomography of thick sections (300 nm),immunolabeling

Replacinghe ice of the cryoimmobilizedsample(HPFor PF)by an organicsolvent, at -
90°Candin the presenceof chemicalfixatives(Os@l, GA,UA)

Epon

Time

lowicryl
K4M

HM20

K11M

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, =~ GA fixation

HM23 -~ 0sO4 fixation
— FS embedding
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ACryoultramicrotomy of vitreous sections
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Room temperature TEM observation: PF+ FS

Tumoralcellline. Ongrid growth.
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Room temperature TEM observation:
manual plunge freezing + RSHPF + FS
Ministeriasp. Manual plungefreezing Ministeriasp. High-pressurefreezing

Chemicallffixed: GA Cryoeprotectants no added
Cryoeprotectants glycerol
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Room temperature TEM observation: HPF + FS

Hydrated seed
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Room temperature TEM observation: HPF + FS

Cellline Cellline
Cryoeprotectant no added Cryoprotectant 20%dextranPBS
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Room temperature TEM observation: HPF + FS

Pseudomonas deceptionensis M1T. Freeze-substitution cocktails.

" Struqture

i,
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Visualizing samples in 3D: Electron tography

A Severaprojectionsof the samestructure at different orientations(tilting from -70°
to +70°).

A Picturesare processedn a 3D map.

A

electron beam

e\ ¢

Steven and Belnap, 2005
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Visualizing samples in 3D: Electron tomography

250-nm sections oPseudomonadeceptionensi$il’ processed by HPFS

Delgado let al2013,PlosONE
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Visualizing samples in 3D: Electron tomography

Vitreous sections dPseudomonadeceptionensi$i1’. HPF.

Delgado let al 2015, JtructBiol
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The quality otryo-EM images now rivals that ofrxy

crystallography, long the dominant technique for
solving protein structures.

The technique has also succeeded where
crystallography has struggled: showing, for instance,
how temperaturesensitive ion channels work,
characterizing pathological proteins in
neurodegenerative disease and detailing how viruses
can interact with antibodies
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Plunge freezing I
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Detector

Vitrified protein

Single particle images

generated by TEM

Electron beam

Carbon film

Alignment &
2D class average

Imm 80 um
. .H'- .!"‘-'H.J '41"-1.21] nm
2 pm

Grid Carbon film

3JD classification
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Side chain mapping

final high-resolution structure
(208 proteasome)

Determination of high-resolution structure through image processing
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This is how our sample grid like: our protein
particles are embedded in ice, with their
native form preserved.

Riproduci (k)
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