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Co je to elektronova

& mikroskopie?

= Metoda, kdy se ke zkoumani vzorku pouziva
svazku urychlenych elektron(

= Ziskané informace — morfologie (TEM),
topologie (SEM), kvalitativni a kvantitativni
analyzy (rtg.mikroanalyza), krystalografické
vl. (elektronova difrakce)

= Zakladni rozdéleni — transmisni a skenovaci
elektronové mikroskopy
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Multicellular organisms

C. elegans Newbeorn human
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Rozliseni optického mikroskopu:
bilé svétio — 280 nm
UV svétlo — 160 nm

Molecular Cell Biology, Harvey Lodish, 2007 Rozligeni TEM:
100 kV - 0,5 nm

The electromagnetic spectrum

Electromagnetic
Spectrum

RozliSovaci schopnost
mikroskopu

= Nejmensi vzdalenost dvou bod(
(bodova) nebo car (Carova), které je
mozné v obraze vhodného objektu
danou optickou soustavou rozeznat jako
oddélené

= Odpovida zhruba poloviné vinové délky
zareni pouzitého k zobrazeni objektu

= Abbého vztah: d = A/(2n sin0)




% Pro¢ elektrony

= Jednoduse ziskatelné ey e
- Lehké k12pm *38pm
= Duadlni charakter: euU =1 mv} s h 1

% h/mv (2mel)) =

= Naboj — moznost ovlivhovat je
elektrostatickym nebo elektromagnetickym
polem

= Nevyhoda — volné pohybovat se mohou ve
vakuu lepSim nez 10 torru

Interakce elektront se vzorkem

% Backscattered e-
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Srovnani

The source of
illumination

The ambient light source is
light for the microscope

Electrons are used to “see” -
light is replaced by an electron
gun built into the column

The lens type P

Glass lenses

Electromagnetic lenses

Magnification >
method

Magnification is changed by
moving the lens

Focal length is charged by
changing the current through
the lens coil

Viewing the >
sample

Eyepiece (ocular)

Fluorescent screen or
digital camera

Use of vacuum P

No vacuum

Entire electron path from
gun to camera must be
under vacuum

© 2013 FEI

1931 by the German engineers Ernst Ruska
and Max Knoll

Williams B D, Carter C B, Transmission Electron Microscopy
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Transmisni elektronovy
mikroskop

- (—_ Objective aperture
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il Diffraction lens
i % Intermediate lens
Mi Projector lenses
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Euorescent screen

]

Objective lens

Intermediate aperture

Binoculars

d Image recording system

‘ Priprava biologickych vzorkd pro TEM

Vakuum uvnitf mikroskopu = nutnost zbavit preparat vody

Mala penetracni schopnost primarnich elektrond v TEM =

tloustka preparatu do 100 nm
- totdlni preparaty ( bakterie viry, bunécné organely....)
- ultratenké fezy

30 kv
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Priprava biolog. objektl pro TEM

e
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Heinz Schwarz

Chemické metody zpracovani vzorku

pro TEM:

Fixace

Dehydratace
Infiltrace

Zalévani

Priprava ultratenkych
rez(

Kontrastovani

TRANSMISSION ELECTRON MICROSCOPY  ['sHOGEBURE: i
SPECIMEN PREPARATION

CTERIA, VIRUS, ETC
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Priprava ultratenkych rez(
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Aplikace: Imunolokalizace

Top side: /I\
HBA15nm /)k

AAA\A

\ AN
Bottom side: \Y
BSA6nm Y

TEM IIT | BF 10 us

Aplikace: 3D rekonstrukce

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

CCD camera

Griinewald et al, 2003




Aplikace: Elektronova tomografie

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.
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Vitrifikace

ansformace latky ve sklo

Krystalicky led Vitrifikovany led
- niz§i hustotu, vétsi objem - zhruba stejnou hustotu
nez kapalna voda jako voda

-bez segregace rozpoustédla
a rozpusténych latek

Jak dosdhnout 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

10



< Mrazova fixace

= Zplisoby provedeni

i; j—JL;L:q. :ﬂ:
3 eg iz

Fl o B OEm o %

Propan Kapalny Vzorek Kov Vysoky Velmi vysoky
dusik thak tlak

Maximmalni hloubka kryofixace
10 - 20 um 100 - 200 um

Kryoultramikrotomie

N

Priprava ultratenkych fezli ze zmrazenych
preparat( pfi teplotach pod -80°C
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%cav\ow:s
| A

The ultrastructure of outer
membrane of gram negative
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

% Freeze substitution

= Kombinace chemickych a kryo metod

= Led v zmrazeném vzorku je nahrazen pfi
nizkych teplotach bezvodym organickym
rozpoustédlem a nasledné prosycen
zalévacim médiem.

= Organické rozpoustédlo musi byt kapalné
pod rekrystalizacni teplotou a musi se v
ném rozpoustéd fixacni Cinidla jako GA
nebo 0sO,

= Polymerizace pomoci UV

20.4.2015
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| Freeze-Substitution

Time,
-10 Unicryl
-20 LR Gold
-30 K4
- a0 | GA fixation
- 50 HM20
- 60 K11M
.70 OsO, fixation I
- 80 | Devitrification / / HM23
- 90 Vv
-100 _ o
Dehydration Fixation Embedding
Arabidopsis thaliana
1
& Conventional Freeze-substitutio
‘ i ‘.! B ‘? 2 W "- : : 7

A. Omedilla, University of Granada, Granada
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mikroskop

Skenovaci elektronovy

_______

X10~X1,000,000

Magnification Scan
control I~ [generator
= coils
—— Objective
lens
Delo Monitor
S H

Area scanned on

Area scanned on monitor
Specimen
00ON00
OCOQCLH
0 _—
—

Low magnification

High magnification
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Resolution of SEM

Diameter of the primary

electron beam

High resolution = eqipped

with field emission cathode

High vacuum 10° Pa
electron
beam

backscattered
cathodoluminescence electrons
secondary
electrons’ \
" A x-rays
N \
\
\ \
N

N

excitation
Sample volume

absorbed
current

SEs generated
from two object

at the same time

therefore they

are not resolved

Large diamster
primary beam

ts

SE detector

Small diameter
primary beam
SEs generated
from two objects
separately
therefore they
are resolved

Goldberg M.W.: Methods in Cell Biology, Vol.88, 2008

Priprava biologickych vzorkd

W

Chemicky:
» Fixace
= Odvodnéni
= Suseni
= Pokoveni

Fyzikalné:
= mrazové metody

20.4.2015
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Comparison
of sperm size

Size distribution of sturgeon
sperms in SEM depends on the
method of preparation:

A/ CPD drying

B/ t-butylalcohol

C/ ESEM

D/ cryo-SEM

PSenicka et.al.: Micron, 41(5),
2010

Immunolocalisation:

SE SEM YAG 100kv  X8000 WD7.1mm

Salivary glands of ticks
infected with Borrelia

SE SEM YAG 100KV X55000 WD7.lmm 1000m

20.4.2015
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3D reconstruction
| A
= Ultramikrotom . .
v komore SEM

‘AA‘

1 @2

fissue

diam. cut-off

(Denk W, Horsmann H. (2004) ** e
PloS Biology 2(11) 1901-1909)

Focused
electron beam

Focused
ion beam

Cracks

% 3D reconstruction

N,

/ Eucentric /* A
// axs \/Cross section f/l i
= /Triple poini
Using focused gallium iom beam (FIB) e =~~~ Sample gy 7 SF KK

development

to thin/mill a specimen block
or to create sections for tomography
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Correlative light and electron

% microscopy (CLEM)

Light microscope SEM
Freshandwet >  Fixed and dried
sample sample

Critical point:

Treatment of specimen
without loosing of position

3 4

Cryo-sections Fiducial markers
Special specimen holder
Software

4

Carbon
imprints
of finder
grids
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% CLEM

Cells
Fixation
Cryoprotection

Cryosectioning giass sides with carbon imrints -see Fig:2

ini 1% LCAbiot  1*anti-u1,3F
Immunostaining 1~ iof antod 3Fuc
2"strept-FITC 2" Ab-QDsts

DAPI
FLM

. anti-FITC
Immunostaining 2 4gnm au NP

Fixation
Postfixation 0sO,
Dehydration
Drying (CPD)
Carbon coating

FE-SEM

JEOL

50KV X40,000 WD 8.0ram I(I[];

SE SEM YAG

SE

SEM

YAG

50kV

X150,000 WD 8.0mm

100nm
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ikrosvet kolem

Bzudivka obecna

ikrosvet kolem

nas
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Dékuiji za
pozornost

Cryo-SEM:
Larva Chymomyza
Costata (Drosophilidae)
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