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Strategie pripravy biologickych
vzorku pro elektronovou mikroskopii

Jana Nebesarova

Biologické centrum AV CR a Pfirodovédecka fakulta JU
Ceské Budéjovice

nebe@paru.cas.cz




Pro¢ biologické vzorky nejsou vhodné pro
prohlizeni v elektronovych mikroskopech?

Je nutné je k pozorovani v elektronovych mikroskopech
upravovat!
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Jak se zbavit vody

Suseni Zmrazeni



Kent McDonald, UC Bérkeley
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Fast Freezing

Living specimen Kent McDonald, Berkeley



Living biological specimen

Cryofixation

Chemical fixation l I Cryoprotection

Preembedding
labelling

Dehydration Freeze-substitution

Cryosectioning Critical-point-drying

Resin embedding Resin embedding Freeze-fracture

Resin section @ Thawed Resin section § Whole mount Frozen hydrated
section or replica sample



" Chemické metody zpracovani vzorku

Fixace - primarni: aldehydy (glutaraldehyd), sekundarni:
oxidaCni Cinidla (oxid osmicCely)

Dehydratace - nahrazeni vody organickymi rozpoustédly
(aceton, etanol, propylenoxid, amylacetat...)

Infiltrace - prosyceni vzorku pryskyftici
Zalévani - epoxidové pryskytice (Epon, Spurr,
Durcupan), akrylatové pryskyfice (LR White,
Lowicryly) Lepeni
Priprava ultratenkych rezii - z vybrané
oblasti se nakrdji fezy tloustky do 100 nm
Kontrastovani - adsorpce atomt tézkych kovi
na povrch ultratenkych fezil (citrat olova, acetat
uranylu)

SEM

Suseni - metodou kritického bodu,
mrazové suSeni, alternativni metody

Pokoveni - napraSenim tenké vrstvy
kovu (do 20-30 nm), Au, Pt, slitina Pt a
Pa



" Fixace

Kvalita fixace je ovlivnéna fadou parametru:

 vybér fixaCniho Cinidla, jeho koncentrace ve fixaCnim
roztoku

* slozeni fixaCniho roztoku - vyb¢r pufru a jeho koncentrace,
pridavky latek ovliviujicich prubéh fixace

e velikost fixovaného vzorku a mnozstvi fixaéniho roztoku
e teplota, osmolalita a pH fixa¢niho roztoku

e zpusob provedeni fixace ( imerzni, perfiizni)

 doba fixace

* mikrovlnné ozareni
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necna ultrastr

Jaterni bunka

Rostlinna bunka
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Oscilujici diamantovy n

D. Studer, H. Gnaegi: Minimal compression of ultrathin sections with use of an osillating diamond knife, J.

of Microscopy, Vol.197, 94-100, 2000

2005 - Diatome

Diamantovy ntiZ s thlem 35
Oscilator — nizkonapétovy
piezoelektricky, vyvolava oscilaci
noze pri pozadované frekvenci a
amplitudé

Napéti 0-30 kV

Frekvence 25-45 kHz

Automatické nastaveni rezonance
Rozkmit: 400 nm

NGz urcen pro krajeni pri pokojové
teploté pro fezy tloustky 10-80 nm
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Ultrastruktura
srdec¢niho svalu
mysi

Virus tabakové
mozaiky

|

elektronovy mikroskop
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rovinné oz

ovlivhuji penetracni rychlost
chemickych Cinidel

zahrivaji vzorek
ovlivhuji propustnost membran

problém: nerovhomérna distribuce
tepla ve vzorku, obtizné méreni
teploty uvnitr vzorku,
reprodukovatelnost vysledku

Multimode Cavity

Monomode (Single Mode) Cavity
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Mrazové metody

Bunky mohou byt prohlizeny v prirozeném extracelularnim prostredi
Enzymy a antigeny nejsou denaturovany

Vzorky jsou zmrazeny béhem zlomku vtefiny — moznost sledovat ¢asove
zavislé déje

® Zmrazeni zpevni vzorky, z nichz pak mohou byt pfimo narezany ultratenké
kryofezy pro TEM

® Drahé vybaveni
* Nutnost skladovat vzorky pfri teplotach kapalného dusiku



V i t!]jtt!llegravggm) transformace latky ve sklo

Krystalicky led Vitrifikovany led
- nizSi hustotu, vétsi objem - zhruba stejnou hustotu
nez kapalna voda jako voda

-bez segregace rozpoustédla
a rozpusténych latek



ambient

Robards AW, Sleytr UB, Low Temperature Methods in Biological Electron Microscopy. In: Practical Methods in
Electron Microscopy, Glauert AM (ed), vol 10, Elsevier, Amsterdam, 1985.



ambient

Robards AW, Sleytr UB, Low Temperature MetHodé in iological Electron Microscpy; In: Practical Methods in
Electron Microscopy, Glauert AM (ed), vol 10, Elsevier, Amsterdam, 1985.
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Robards AW, Sleytr UB, Low Temperature M“ethods in Biological Electron Microscopy. In: Praét/cal Methods in
Electron Microscopy, Glauert AM (ed), vol 10, Elsevier, Amsterdam, 1985.
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Jak dosdahnout vitrifikovaného ledu?

1/ rychlym mrazenim (>5x10-°K/s (teplota
skelného prechodu -135°C musi byt dosazena
béhem milisekund

Plunge freezing

2/ Mrazeni pri vysokém tlaku
High pressure freezing

3/ Pouziti kryopretektantu béhem mrazeni
Metoda Tokuyasu



V§oer éhladiva

Bod varu: -1962C Bod tuhnuti: -2102C
Nizka teplotni kapacita, chlazeny material je obklopen vrstvou plynu - izolator

¢ Kapalny etan:
Bod varu: -882C Bod tuhnuti: -1822C
Vysoka teplotni kapacita

N, (gas) = insulating layer



Mrazova fixace

® Zpusoby provedeni

[ *

o] [ e @ *
Propan Kapalny Vzorek Kov Vysaky Velmi vysoky

dusik tlak tlak

Maximmalni hloubka kryofixace
10 - 20 um 100 - 200 pm



Plunge-freezing

* Vitrification of the small drop
(up to 1 ym) containing the
sample by plunging it into liquid
ethane (boiling point -88°C)

Spaciman Grd

* Vitrification up to Bum
(thickness of the sample)

Liguid Ethane
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Grids for plunge-freezing

- holey carbon coated grid
-C-flat, quantifoil (commercial)

¥ ﬁ-—--—- 1 eMm
¥1l.100 21um
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Negative staining Negative stain (uranyl acetate)

- particles are compressed after drying

Vitreous ice

g

-particles are embedded in vitreous ice
-random orientationl!!



with platinum with phosphotungstic acid

Micrographs provided by Herrmann Frank, Tubingen




Virus

iho kontrastu

AVaR

Micrographs provided by Marc Adrian, Lausanne
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Metoda negativniho kontrastu

Cryo TEM of proteasomes

> Proteasome

Max Planck Institute for Biochemistry, Dept. of Molecular Structural Biology
http://www _biochem.mpg.de/baumeister/
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Vitrifikace vzorku s tloust’kou nad 5um

High Pressure Freezing
(HPF)
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Freezing at ambient vs. high pressure

0.1 MPa

(atmospheric pressure)

Melting point 0°C (273 K) -22°C (251K)
Nucleation temperature -42°C (231 K) -92°C (181K)
(supercooling water
limit)
Cooling rate necessary >1x10° K/s 1x10° K/s

for vitrification (cell)

Max. sample thickness >5um > 200 um
which can be vitrified
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High Pressure Freezing (HPF) devices

Leica EM PACT || BAL-TEC HPM 010 Leica HPM 100
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/ freeze substitution (FS)
\ CEMOVIS

(cryo electron microscopy of vitrous sections)

HPF
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I Cryo-EM of vitreous sections (CEMOVIS)

HPF ==m) cryo-sectioning (T<-135°C) mmmd cryo-EM

Leica, Ultramicrotome, FC6



ryoultramikrotomie
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Cryo-electron microscopy

Transmission electron microscope operated at temperatures below -135 °C
(glass transition temperature)

NS

Tecnai F30, FEI Polara, FEI Titan Krios, FEI
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Keep the sample at low temperature! (<-135°C)

Temperature controller

=TTy

Cryo-transfer holder™




. Is the sample vitreous?

diffraction pattern:

Al-Amouidi, 2002
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Crystalline ice
"The enemy of electron microscopists”

Hexagonal ice
-most of the ice on the earth
-slow freezing

Cubic ice

-metastable, formed at lower
temperatures from vapor or at
high pressures and low temp.
from drops

Al-Amouidi, 2002



CEMOVIS

The ultrastructure of outer membrane of
gram hegative bacteria:

A. Escherichia coli

B. Pseudomonas aeruginosa

A. Image of staining agent distribution
B. Contrast of unaltered native specimen

A.Al-Amoudi et al.: Cryo-electron microscopy of vitreous sections
EMBO Journal (2004) 3583-3588



yo-electron microscopy

Dose: 50 e /A2 Dose: 500 e-/A2

- Dose = current density per unit area j (A/cm?) multiplied by the exposure time t (s) (C/cm?,
or e/A2?, e = electrons)



Low dose mode

1. Search (low magnification)
2. Focusing (2-3 um away from the area of interest
3. Record

focusing area

Image: 6-10 electrons/A?

area of interest




Freeze substitution

* The combination of chemical methods
with cryomethods

* The ice in a frozen specimen is replaced
at low temperature by anhydrous organic
solvent followed by infiltration of resins

* The organic solvent must be liquid below
recrystallization point and dissolve
addittives such as osmium tetroxide, or
GA

* Polymerization by UV




Time,

-10
- 20
- 30
- 40
- 50
- 60
-70
- 80

- 90
-100

GA fixation

OsQ, fixation

Unicryl
LR Gold

Dehydration

HM23

Fixation Embedding
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A. Omedilla, University of Granada, Granada



Krydfixa ce

* \/\yvhody

Rychlost

Zadné cizorodé latky
Bez objemovych zmén
Snizeni extrakce
bunécnych komponent
Dynamické procesy

®* Nevyhody
Kryoprotektant

Maly objem
Dlouhodobé skladovani
Rekrystalizace ledu
Pristrojové vybaveni
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Elektronova tomografie

Technika umoznujici zobrazeni 3D struktur bunék a makromolekul

Puvodni idea:

R. G. Hart, Science,

159 (1968) 1464-1467

Elephant



Flektrnnnua tanmnorafia
a

FEG 3D-object => set of 2D-projections

CCD camera

Grinewald et al, 2003



e

Elektronova tomografie

18 proj. / 10 deg 36 proj. / 5 deg 72 proj. /2.5 deg

Sampling: + 60-70 degrees, increment 1-2 degree






Cytoplasmic
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cytoplasmic filaments
cytoplasmic ring
lumenal spoke ring
nuclear ring

nuclear basket

distal ring

Nucleoplasmic



ryo-ET of Magnetosp




. Vizualni proteomika

Prof. Baumeister, Sapporo 2006

® Cilem vizualni proteomiky je vytvorit atlas biomolekul =
soubor map popisujicich prostorové usporadani
specifickych skupin protein(

* Kryo EM ve spojeni s pocitacovymi metodami je schopna
vytvorit tyto mapy s nanometrovou presnosti

20S Proteasome

J. LOowe et al., Science 268 (1995) 533-539



Volume V,,

Cross correlation function XCF (@, v, ) —>

708 Ribosome
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Culture substrate (aclar) with - '
laser carved space coordinates. LM imaging on the HPF-ready cultured cells. Targeted trimming and ultramicrotomy. Serial IEM or TEM tomography .

Hypo-osmotic choc in mtm1-GFP Bin-GFP tubules in cos cells
cos cells (time-lapse confocal). (Z-stack confocal).

. f”’

i & SaAzaeralcTY Immunogold @ gfp. The GFP signal is
Correlation between the LM of a live cell and a localised at the lysosome periphery.
TEM section. (Hela cell, MLN64-gfp)

e

i ‘
Cell of interest targetting with the laser
patterned culture substarte.
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Priprava preparatu pro SEM

Mrazové metody:
Nejlepsi metody pro pozorovani biologickych vzorku
v SEM blizko nativniho stavu, dynamické déje

Mrazova fixace — pfimé pozorovani zmrazeného materialu
- mrazové suseni (freeze drying)
- mrazové leptani (freeze etching)
- mrazové lamani (freeze fracturing)



0,2 ym w Freeze-dried

Nermut, M.V. and Frank, H. (1971) Fine structure of influenza A2 as revealed by
negative staining, freze-drying and freze-etching. J. Gen. Virology 10, 37-51.




Exoplasmic Face Plasmic Face

lrazoveé [amani
Freeze Fracturing

Sublimation of ice

T

Y




Plasmic Surface

Exoplasmic
Surface

razove leptani
Freeze Etching

4

tched ice
crystals

. ; 3 " ol b7 Etched cell
o - RS . L surface

i
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Glycerol ,//
v Py
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Distribuce velikosti

spermie jesetera

v zavislosti na

zpusobu pfipravy

preparatu:

A. SuSeni CPD

B. SuSeni t-BA

C. Bez vysuSeni —
ESEM

D. Zmrazeny -
KryoFESEM




tissue
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3D rekonstrukce v SEM

* FIB — pouziti fokusovaného svazku iontu Ga k
odprasovani/odrezavani povrchu bloc¢ku pro tomografii

* Korelativni mikroskopie: kombinace nékolika typU
mikroskopickych metod za ucelem ziskani novych
informaci o studovaném vzorku v navazujicich rozsazich
zvetseni (fluorescencni — TEM)
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Dékuji za pozornost!



