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Lecture 2: Sample preparation




Samples in electron microscopy
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Interaction of electrons with matter
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Interaction of electrons with matter
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Scanning electron microscopy
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Amplitude contrast Phase contrast
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Sample preparation techniques

o
o

#Thin section methods
«# Heavy metal staining and shadowing
«# Plunge freezing

«# High pressure freezing

&
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# Chemical fixation (formaldehyd, glutaraldehyde, osmium tetraoxide)
ol Dehydration (EtOH, aceton)
# Plastic embedding

«# Sectioning



Thin section methods

Chemical fixation
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Dehydration

30% aceton - 15 mins
50% aceton - 15 mins
- high vacuum in the miscorscope 70% aceton - 15 mins

- EtOH, aceton 90% aceton - 15 mins
- succesive increase of dehyd. agent concentration  100% aceton - 3 changes

Drawbacks: .
- contraction of protein lipids = 80% H,0

- sample shrinking up to 40%
- fromation of various artefacts

Vacuum




Thin section methods

Resin embedding

Resin infiltration: 2:1 mix of propylene oxide:resin (1h)

1:1 mix of propylene oxide:resin (1h)

1:2 mix of propylene oxide:resin (1h)
100% resin overnight

Polymerization: 12-24 hours at 60-70C
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Thin section methods

Sectioning
a Manual
ultrathin serial sectioning
’ TEM(CA)

b Automated

serial sectioning,

tape collection

SEM

Diamond knife, FIE,
serial block-face serial block-face
SEM SEM
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Thin section methods

Mechanical sectioning for TEM

control

Knife edge

4

Tweezers

HPCEITEC



Thin section methods

Mechanical sectioninal/block-face for SEM
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Thin section methods

Focused ion beam block-face for SEM

a Manual

ultrathin serial sectioning
‘ TEM(CA)
b Automated

serial sectioning,
tape collection
SEM

Diamond knife, FIB,
serial block-face serial block-face
SEM SEM
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Heavy metal staining

Neaative stainina Stains: uranyl acetate (pH=4)
- - uranyl formate (pH=4)
ammonium molybdenate (pH=7)

1.Add sample in buffer 2 Add heavy metal stain  phosphorus thungstanate (pH=7)

3. Blot

¥

—d

Carbon support
— film
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Heavy metal staining

Neaqative staining

Pros:

cons:

guick sample screening
high amplitude contrast
less prone to beam damage

limited resolution (20A)
flattening artefacts
denaturation of proteins
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Heavy metal staining

Neagative staining
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Heavy metal staining

Metal shadowing

- DNA visualization

Optical axis TEM
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Thin section methods and heavy metal staining

- non-physiological conditions during sample preparationd

- artefacts (changes in cell structure, depression of proteins)
- extremely toxic chemicals used during sample prep (OsO4)
- obtainable level of detail limited

+ high signal to noise
+ low dose sensitivity
+ robust (easy sample handling)



Plunge freezing

* Rapid immersion of buffered sample into cryogen

ugm.|'nqu|¢|w1'm | ' Cryogens: liquid ethane
' * ethane:propane mixture

' Vitrification has to be fast ~1000 K/s

' Possible only for samples with thickness ~<10um

Temperature, °C

' => amorphous ice
" => thin layer (200-600nm)

L]
2

SISSe water

1°ﬂPrers;stuzl't"'én, MPa 300 400
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Plunge freezing o

Cryogens Melting point  Boiling point Cooling rate (103 °C/s)  Relative cooling

(°C) (°C) efficiency*
Ethane -183 -89 -260 —-258 1.3
Liquid nitrogen -210 -196 -272 0.1
Propane -189 -42 -263 —-2601 1.0
Freon 22 -160 -41 -267 —-265 0.7

™ .

3-4ul _
0.1-1mg/ml for purified protein complexes
OD~0.5 for bacteria

P AD@OWALIA

i

B _ B 8 5
_’\_\a L

IFILTER FAPER LIQUID ETHANE
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Plunge freezing

Y

= Sample frozen in hydrated state

* Amorphous ice

= Sample has to be kept at temperatures
* above devitrification point (~-135C)

* |nternal structures can be visualized
* High resolution information is retained

* Possible problems: ice thickness
* hexagonal ice, cubic ice
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Plunge freezing

500 A

Extrusion of particles from thin ice Denaturation at air water interface

25 RCEITEC




Plunge freezing

Cons:
Low signal to noise
Prone to radiation damage

More delicate sample handling required
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High pressure freezing

Vitrification of samples with thickness
10 — 200 um

2000 bars, liquid nitrogen, 20 ms
* Eukaryotic cells, tissues,...
* Coupled with freeze substitution and

= sample thinning using cryo-ultramicrotomy,
ultramicrotomy, or focused ion beam milling
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High pressure freezing

Freeze substitution
" Reduce ultra-structure changes at room
" due to dehydration as seen at ambient
temperature

" Dehydration at temperatures belo -70C
= (aceton typically -90C)

" Fixatives are evenly distributed before
= cross-linking at ambient temperature

" Resin embedding for ultramicrotomy
= at room temperature
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Focus ion beam milling
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Focus ion beam milling

currr HFW pressure — 50 ym —— 25, pressure
10 pA | 319 ym 8.10e-5 Pa Versa 3D *o° | 30.00 kv 414 pm | 5000 x | 7.57e-5 Pa i Versa 3D

curr HFW ) pressure det W ] tilt ‘ 5um
10 pA | 41.4 pm 30.00kV | 1.5pA | 259 ym | 8000 x | 7.57e-5Pa | ETD 19.5mm | 20° Versa 3D
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