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CRYO-FIXATION

Solidification of a Biological
Specimen by Cooling with the
Aim of minimal Displacement
of its Components

In: Cryotechniques in Biological Electron Microscopy, Steinbrecht RA,
Zierold K (eds), Springer-Verlag, Heidelberg, 1987

Methods of Cryo-Fixation ANY

T (°C) Tn=- 2°C; heterogeneous nucleation
- 38°C; homogeneous nucleation
0
heat of crystallisation:
- 334.9 kJ/kg (- 80 kcal/kg)
Tn

at very high cooling rates water is
immobilised in a amorphous state

— amorphous, vitrified water

Robards AW, Sleytr UB, Low T Methods in Bit ical Electron Mi
Electron Microscopy, Glauert AM (ed), vol 10, Elsevier, Amsterdam, 1985.
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Methods of Cryo-Fxation Y
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Leica EM SPF Leica Microsystem

Leunissen JLM, Yi H. 2009. Self-pressurized rapid freezing (SPRF): a novel cryofixation method for specimen
preparation in electron microscopy. J Microsc, 235, 25-35.

Why Cryo ?

Preservation in time and space

Mammoth Siberia
Courtesy of Prof Dr Arie J Verkleij

Chemical Fixation W

Neanderthals R— Courtesy of Prof Dr Arie \_JHVerkIe_:ij

Why Cryo-Fixation ANY

® Reduced Fixation Artifacts
* membrane blisters
* mesosomes
* nuclear equivalent

Chemical Fixation A

to protect the ultrastructure from collapse
and loss of cellular components

® cross-linking of proteins: aldehydes

® cross-linking of lipids: uranyl, osmium

distortion of proteins

proteolysis
masking of epitopes

Formaldehyde NS

)1\ PN -

reacts primarily with —NH, groups

and C=C groups

cross-links proteins, unsaturated fatty acids
fast penetration

dissociates easily at concentrations < 4%
little influence on antigenicity
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l4 Dubochet J, McDowall AW, Menge B, Schmid EN, Lickfeld KG. 1983. Electron microscopy of frozen-hydrated
bacteria. J Bacteriol, 155, 381-390.




Osmium Tetroxide: ‘Protease’ MY [Osmium Tetroxide KX
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30" 100 mM GA rt; 104 mM OsO, 2°C 30’ 100 mM GA rt; 60’ 40 mM OsO, rt

Maupin P, Pollard TD. 1983. Improved preservation and staining of HeLa cell actin filaments, clatrin-coated
and other ic structures by tannic acid-glutaraldehyde-saponin fixation. J Cell Biol, 96, Dr. WH Miiller, Utrecht Unii ity, Utrecht, The

51-62.

Why Cryo-Fixation Shrinkage
. ' \ volume 50%
® Reduced Fixation Artifacts e
* membrane blisters 70%
* mesosomes 30% native
* nuclear equivalent 100%
®  Reduced Shrinkage A
60%]
40% 100%
Boyde A, Maconnachie E. 1979. Scanning, 2. time

Chemical vs Cryo-Fixation \ Chemical vs Cryo-Fixation

35% 30% 9%
early endosome _ late endosme . i Iysosom __ chemical fixation cryo-fixation

Murk JLAN, Posthuma G, Koster AJ, Geuze HJ, Verkleij AJ, Kleijimeer MJ, Humbel BM. 2003. Influence of
aldehyde fixation on the morphology of endosomes and lysosomes. J Microsc, 212, 81-90.

Murk JLAN, Posthuma G, Koster AJ, Geuze HJ, Verkleij AJ, Kleijmeer MJ, Humbel BM. 2003. Influence of
aldehyde fixation on the morphology of endosomes and lysosomes. J Microsc, 212, 81-90.




Why Cryo-Fixation AN

® Reduced Fixation Artifacts
* membrane blisters
* mesosomes
* nuclear equivalent

®  Reduced Shrinkage

®  Reduced Extraction of Cellular Components
* lipids
* proteins
* proteoglycans

Reduced Extraction N

® Lipids
« acetone: 5%?3
» methanol: 15% — 45%32
» methanol at -70°C: 9%?2
» methanol at -30°C: 15%2

» methanol + UA at -70°C:  2%?2
» methanol + UA at -30°C:  4%?2

®  Proteins
2.2 %!

®  Proteoglycans
*0.25%'

Hunziker EB, Herrmann W. 1987. In situ ization of cartilage llar matrix by

i i after cry ical tissue ing. J Hi Cytochem, 35, 647-655.
2Humbel BM, Schwarz H. 1989. Fi itution for i istry. In | Gold Labeling in Cell
Biology, Verkleij AJ, Leunissen JLM. (eds). CRC Press: Boca Raton; 115-134.

3Weibull C, Villiger W, Carlemalm E. 1984. Extraction of lipids during fre itution of

laidlawii-cells for electron mi py. J Microsc, 134, 213-216.

Cryo-Electron

Microscopy
of

Vitrous Sections

FIB Thinning

Rigort A, Bauerlein FJB, Leis A, Gruska M, Hoffmann C, Laugks T, Bohm U, Eibauer M, Gnaegi H, Baumeister W,
Plitzko JM. 2010. Micromachining tools and correlative approaches for cellular cryo-electron tomography. J Struct
Biol, in press.

Cryo-Electron Tomography ‘;\i..

Al-Amoudi A, Studer D, Dubochet J. C:utting artefacts and cutting process in vitreous sections for cryo-electron
microscopy, J. Struct. Biol., 150, 109, 2005.

FIB CEMOVIS

Hayles MF, de Winter DAM, Schneijdenberg CTWM, Meeldijk JD, Luecken U, Persoon H, de Water J, de Jong
F, Humbel BM, Verkleij AJ. 2010. The making of frozen-hydrated, vitreous lamellas from cells for cryo-electron
microscopy. J Struct Biol, 172, 180-190.
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FIB CEMOVIS
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FIB Cryo-Section in TEM

0.357nm

E—
0.214nm :

Freeze-Fracture
Freeze-Etching

FIB CEMOVIS
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Freeze-Fracturing WY |Freeze-Fracturing M

of a powerful solvent to dissolve
away the specimen

. specimen
i I
bderich K#THZ & Daniel Branton, Harvard | support the raplica is floated onto the surface
Oli harid lycoprotei i '—“—I'-—

Exterior Peripheral protein

p

Integral protein

]

heavy metal evaporated from
a filament “shadows” the PT/C b . -
specimen
P_hwgrhﬂlipid hypochlorite / javelle water -
Hydrophobic

I IR | fracture plane 2 - )
core Illl‘ 1 | I I the replica is washed and picked up

il (i (| Il through membranes on o capper grid for examination
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Freeze-Fracturing MY |Freeze-Etching 3

~ Exoplasmic Face Plasmic Surface

Exoplasmic




Freeze-Fracturing

Nettle

frozen
Pt coated
cryo-SEM

Antonio Mucciolo
Willy Blanchard
EMF

Dr Edward Farmer
DBMV

Lausanne

Label-Fracturing

Flegler SL, Heckman JW, p: KL, 1993,

Freeman & Co, New York.

Label-Fracturing

Freeman & Co, New York.

Flegler SL, Heckman JW, Klomparens KL, 1993, Scanning and Transmission Electron Microscopy, WH

Label-Fracturing

exoplasmic surface

Flegler SL, Heckman JW, p KL, 1993,

Freeman & Co, New York.

Label-Fracturing

Fracture-Labelling

Flegler SL, Heckman JW, p KL, 1993,
Freeman & Co, New York.




Fracture-Labelling AN

exoplasmic surface plasmic surface

Fujimoto K. 1995. Freeze-fracture replica electron mi

with SDS di ion for cy!
labeling of integral membrane proteins. J Cell Sci 108, 3443 3449

Fracture Labelling \
y Gap junction outer surface of myelin
@ connexin-47
« connexin-32
AQP4 aquaporin-4

Kamasawa N, SIK A, Morita M, Yasumura T, Davidson KGV, Nagy Jl, Rash JE 2005. Connexin-47 and
Connexin-32 in gap junctions, Neuroscience, 136, 65-86.

Fracture-Labelling

Fujimoto K. 1995. Freeze-fracture replica electron microscopy combined with SDS digestion for cytochemical
labeling of integral membrane proteins. J Cell Sci 108, 3443-3449.

Freeze-Substitution

FREEZE-
SUBSTITUTION

Dehydration of a Cryo-fixed
Specimen by Exchange of Ice
against an Organic Solvent

In: Cryotechniques in Biological Electron Microscopy, Steinbrecht RA,
Zierold K (eds), Springer-Verlag, Heidelberg, 1987

Freeze-Substitution AN

time

Humbel BM: 1984 Gefriersubstitution - Ein Weg zur Verﬁssemng der morphologischen und zyfochemischen

Untersuchungen bi er Proben im p, ETH, Zirich, Switzerland. ETH nr. 7609

12



Freeze-Substitution AN

Substitution Capacity of Solvents ~ \4

EEVHEH

[¢] :
C time methanol methanol + 10% H,0
100%-
- 10 acetone
- 20 acetone +1% H,0O
- 30
- 40
- 50 50%"]
o o]
- 90°C
- 70
- 80
- 90 diethyl ether
1 1 1 1
=1 . 2h 4h 6h gh
dehydration P : b o
Humbel B, Marti T, Muller M. 1983. Improved structural preservation by combining freeze substitution and low
ing. In Beitr i Direktabb Oberfl, Pfefferkorn G. (ed): Antwerpen; 585-
Weg zur Verbesserung der morphologischen und zytochemischen 594,
Untersuchungen biologischer Proben im Elektronenmil p, ETH, Ziirich, ETH nr. 7609
Freeze-Substitution Freeze-Substitution Epon
°C time °C time
- 10 - 10 Unicryl
- 20 - 20 LR Gold
- 30 - 30
- 40 - 40
- 50 - 50 HM20
- 60 | I— ) N K11M
- 70).9s09, fixation - 70|.9s0, fixation
- 80 - 80 HM23
- 90 - 90
-100 i -100 . §
dehydration fixation dehydration fixation embedding

Humbel

ETH nr. 7609

L iologi: Proben im Elektronenmil p, ETH, Z

Un(ersuchuﬁgen i wer Proben im ETH ;1r. 7609

Table 1
POTENTIONAL SUBSTITUTION MEDIA IN RELATION TO WATER
Molwt. ™ b
Solvent (g/mol) K C K C € K C
Propane 44.09 LEN| —189.9 2185 —44.5 161 273 0
Diethyl ether T4.12 156.8 =162 3076 M6 434 M3 20
10.4 157 116
Tetrahydrofuran 7202 e, =109, 340, 67 20
1
58.08 177.6 —-954  129.0 56.0 25
| Ethanol 46.07 1557 —117.3 3515 78.5 25
~ &0
R4 1752 918 3399 649 25
0
—ED
Acrolein 56.06 185.3 -§7.7 3260 530
Dimethylformamide 37.09 2125 605 4129 149056 36.7 298 25
1802 273.0 0.0 3730 1000 25
80.18 293 20
B1.9 273 o
Nave:  Mol. wi., mobecular weight; mp, melting point; bp, boiling peint; €, diclectric constant.
Data taken from: Handbook of Chemistry and Physics, 60th ed., Weast, R. C., Ed., CRC Press, Boca
Raton, FL, 1979,
Humbel BM, Schwarz H. 1989. Fi itution for il istry. In Immuno-Gold Labeling in Cell
Biologx. Verkleij AJ, Leunissen JLM. (ed_sz. CRC Press: Boca Raton; 115-134.

CEMOVIS (a) \

67-nm periodicity of collagen
is faintly but clearly visible

Acetone (b,c)

collagen
fibrils are thicker in ECM
67-nm periodicity of collagen
is clearly visible

Studer D, Chiquet M, Hunziker EB. 1996
Evidence for a distinct water-rich layer
surrounding collagen fibrils in articular
cartilage extracellular matrix. J Struct Biol,
117, 81-85.

Ethanol (d)
67-nm periodicity faintly
visible no halo

Methanol (e)
67-nm periodicity less distinct

13



Rhodopseudomonas viridis

Humbel BM. 1984. Gefriersubstitution - Ein Weg zur Verbesserung der morphologischen und zytochemischen
Untersuchungen biologischer Proben im Elektronenmikroskop, ETH, Ziirich, Switzerland. ETH nr. 7609

. d
e,

Dr. H. Hohenberg, Heinrich-Pette-Institute, Hamburg

Lipids: DOPC, DOPE, Cholesterol

7
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“:‘,,z . x R
A propa 3 , + GA +UA methanol, HM20
Humbel BM. 1984. i itution - Ein Weg zur g der I und i
L i

Proben im El i ETH, Zirich, Swi ETH nr. 7609

Arabidopsis thaliana: Pollen

conventional freeze-substitution

Collaboration: Dr. A. Omedilla, University of Granada, Granada
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living biological specimen
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cryo-fixation
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Rehydration Method E’k‘
T T

Rehydration Method 2 b i : ; - Ca Al glutaraldehyde uranyl water aceton
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