


1665 — Robert Hooke 1. mikroskop

e 1955 — Marvin Minsky (Harvard)
konfokalni mikroskopie
1957-patentovano

Figure 2. Microscopy from the 17th to the 215t centurics [sec page 10).
(4) Roban Hooka's misroeeosse 25 detoiled in Micrographis, published in 1665 (23). fmage reprodiuced
with permission of the Charkes Deerng MoConick Library of Spedal Collections at Narthwestern
Unversity, USA, (B) A schomatic of Hooke's microscope showing tha relevant componenis, Image
repnchuced with permigsion from the Molecula Expressions Microscopy Frimes
Lwwn.mmicroscopy.u.cdu/primes/muscumyhooke Jitml). [C) Leica Mierosysteens’ TCS AQBS confoeal
scan head, commergially avaikable from 2002 (wwwleica:microsisiems.com). The numbered
componerds are &5 lolows: 7, IV laser; 2, 11 loers 3, visibe range laser: 4, UV scousto-optical lunable
filier; 5, IR dlectro-optical medulstor; & vsible mnge acousto-optical tunsbla Ther; 7 UY adaptation
opies; § UV exciation pirhole; % (& exciiaton piohole; 10, VIS excitation pinkole: 11, primary beam
splitter; 12, acjustable-puph lumenation: 13, 'K-3canner with rotator; 14, microscope and abjective; 75,
ranginiied kg detecion; 16, confocal detection plnhole; 77, analyzer wheel: 18, specirophatometer
prismz 15 photomulliplier channe 1; 22 photamuliplier channe! 22 27, phatomuitiplier charnel 3; 22,
phatomukiplier shannel 4; 23, exizmal ppticd port: 24, nendescanned reflecied light dewecion.
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ﬂﬂfﬂﬂCEi‘GhOka a éoéky

iné intenzité svétla
ektru — viditelnou éast spektra rozdéluji na 2
red, green, blue (RGB)

— 3 zakladni barvy lidského vidéni

Fig._!:_%._n_atnnw f’te human eye and the retina,

G.LT. imaging & Microscopy 04/2003, ppﬁn-w,aﬂ (5. Darmstadt, www. imaging-git.com



apertury objektivu n Zrnka mikromletého vapence, pozorovana v tzv.
"inghsovam schopnost mikmsknm Homi temném poli objektivem zvétsujicim 6 3krat, aviak
smm - zmka mikromletého mpan;;a o podstatné mensi numerickeé aperture (NA =
pozorovana .tz . temném poli objektivem 0,03);
zvatdujicim 6,3krat, NA = 0,20. 1 — izolovany bodovy objekt (zmko) se zietelnymi
. 'Alryhcr krouzky,

& zmka nachazeum se ve '-.-'Zdé_le_r_msh

Numericka apertura nejkvalitnéjsic h’:%ktwu byva ~ 1,3 az 1,4.

Numericka apertura objektivu (NA) je vy]adreﬁa matematickym zapisem n sin
8, kde

n je index lomu prostredi pred objektivem

8 je polovina vrcholového thlu kuzele paprsku vstupujicich do objektivu.

MilEoi Are T WA



Visible Light Microscopy
Objectives: Specifications and Identification

+  Older lenses need to match oculars.

now lenses are infinity-corrected. 60x Plan Apochromat Objective

» Information on objective barrel:
— Linear magnification Manufscturer

— Numerical aperture Flat-Field : Aberration
Correction . Correction

—  Optical corrections
Linear -5 Numerical

+  Achromatic: color (red/blue) Magnification UX/1.4 Aperture
corrected.

- _ immersio
Fluorite: optical aberration spggi::éiazrd ol mMTgir:mn

corrected Properties

ri Working
Apochromatic: color (red. green. Tube Length Distance
blue and spherical aberration

correctad Cover Slip Color Code

Thioknses = Spring-Loaded

Microscope tube length Front Lens

Coverglass thickness (0.17mm)
Immersion medium (air, water. oil)
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Analog Image Digital Sampling Pixel Quantization
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kirického efektu. Naboje se sbiraji, spojuji
CCD senzor, naboj se prevadi n:

Fia. 2: Bit deoth and arev levels in ciaital imaoss



n, blue CM C -cyan, yellow, magenta_
barvy — prekryté zakladni barvy
we  _nelze vygenerovat bilou b.
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Kontrolovand hloubka pole

liminace degradace obrazu mimo ohn
i prostorove filtrace

&

Datectar

Ohbject
in Focal Plane
————————— — — —notin Focal Plane




Princip fluorescen

Excita €éni filtr,
(nastaven na modrou
tj. 450-490 nm ) \

c¢niho mikroskopu

«»

H
|

= Bariérovy filtr,
(nastaven na zelenou
tj. 520-560 nm )

= Dichroické zrcadlo,
odrazi sv étlo pod 510 nm
a propousti nad 510 nm
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Tandem scanning microscopes
based on Nipkow disk

Source of light

pinholes in the disk
Dichroic mirror

, = ICCD

rotation | |

a Sample




Fig. 4! Intensity profiles of the Airy disk patterns Fig.5: Alry disk patterns of different size as an
of one specimen detall and of two detalls at example for the resolving power of low NA (left)
different distances. and high NA {right) ohjectives.

Pod rozlisovaci schopnosti mikmakapu se chape minimalni vzdalenost dvou bodl objektu, kieré se je
zobrazi jako navzajem oddélené. 2adny nb]éﬁ‘ﬁﬁ'#m 2zobrazit boduvy objekt opét jaku bnd

na ¢ockach objektivu. Pri zobrazenl dvou blizkych bodu se mahou jejich Airyho kmuzky pF
pfi jisté minimalni vzdalenosti stanou temer neruz[lﬁielm'm! Tato mez se bhezZné odhaduje
Rayleighova kritéria (1879), které v podstaté vychazi ze skuteénosti, ze lidsky zrak zaznamena pozvolny
pFedél mezi dvéma difrakénimi krouzky teprve tehdy, poklesne-li intenzita mezi nimi alespori o 20 % oproti
prilehlym maximum. Pro modre svétlo (viditelne zareni nejkratSich vinovych delek) se teoreticka
rozliSovaci schopnost blizi hodnoté kolem 0,17 m. Prakticka rozliSovaci schopnost reainych objektivi
zavisi oviem také na tom, jak dokonale se pfi vyrobé podari zkorigovat ruzné vady zobrazeni.



Fig. 3: Via deconvolution, artefacts can be computed out of fluorescence images. a). These artefacts
are caused by the stray light from non-focused areas above and below the focus level. These phenom-
ena, referred 1o as convolution, result in glare, distortion and blurriness. b). Deconvolution Is a recog-
nised mathematical procedure for eliminating such artefacts. The resulting Image displayed Is sharpes
with less noise and thus at higher resolution, This Is alse advantageous for more extensive analyses.

KONVOLUCE - artefakty obrazku  DEKONVOLUCE — matematicka
— nezaostfena mista pod nebo nad Metoda slouzici k eliminaci
rovinou zobrazeni (u flourescenéni artefaktl obrazku |
mikroskopie nebo u histologickych — Vysledny obrazek ma meéné
fezl - zare, deformace obrazu, sumu a vetsi rozliseni

zastreni).

— omezuje presnost a rychlost

analyzy obrazu
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Ar/Kr Laser Innova 70 (Coherent)

Laser head Rear view on the laser

Internal aperture
Screws adjusting rear mirror
Light open/closed




CCD MicroMax




SC35/

3D-projections




FLUORO OMY:

3 skupiny

1. fluorochromy neso
. molekulu, ktera jE ;:lleliaina
. ur€itou strukturu {pratﬂétkyg
“lektiny, ..... a tzv. quantum dots)

strukturu {DAPI) ho s
jejich fluorescence, s menicim
se mnozstvim navazané T_!
molekuly

3. fluorochromy produkovane
samotnymi organismy (GFP) —
znazornovani zivych buneék,
vyvojové studie a viibec pouziti
v molekularni biologii
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Olympus BX51 Epi-Fluorescence Microscope Cutaway Diagram

Camera—gigan Olympus
Black Box BX 51
Transmitted

Focusing - - and
Telescope. N - Reflected Light
" —‘Bé:;oon;-ﬂ: Microscope
: i Monitor Equipped
Shutter” . e For
= pi-Fluorescence
e lllumination

Rubber Extension Sensor

Eyecup Tube
Projection Coolin
Lenses E‘pep]ece Ve ﬂ‘lﬁg Liﬁ:%%ﬂ:e

Trinocular
Eyepiece Head
s

{Qeular) Vertical Shutter

Prisms Illuminator

Beamsplitters

Filter Cube
Turret

Dichroic Filters —g—

Breathshle!d\

Collector Lamp
Lens

Fan

— —— Microscope
Contro
Circuit
Board

Diascopic
Lamphouse

llumination
Intensity
Adjustment

Filters Focus =" Transformer

Knob Collector
Lens

Mirror




Fluorescence Microscopy:
Filter Cubes

« Excitation filters

— Permit only selected Barrier Filter
wavelengths of light /
through to the specimen —_

) _ o : Exciter Filter
» Barrier Filters (emission) I

— Block/absorb excitation
wavelengths and permit
only selected emission
wavelengths to pass toward
the detector.

« Dichroic Filters (mirror)
— Reflect excitation

wavelengths and pass
emission wavelengths

Dichroic Mirror
Figure 1




Fenomeén fluorescence prvni pozoroval Sir George
Gabriel Stokes roku 1852

Jev byl fyzikalne popsan Alexanderem Jablonskim
roku 1935

Pocet uzivanych fluorochromu se uzavrel v 90.letech
20. stol.

‘Shimomura izoloval v roce 1962 z meduzy Aequorea
victoria zijici v Tichem oceanu green flourescent
protein - GFP

GFP
chromophore

Aequorea victoria
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Inkuba €ni kom urky pro p Fimy mikroskop

Partition with opening

on the bottom of the chamber
(for experiments under upright
microscope)

— cells can be grown
on both upper and lower
sides of the chamber; this
part is filled fully with medium,

Cover glass 24x50 mm

— medium reaches /7
under the glass tubes; cells

are not grown here Termistors in short tubes on

the side of the chamber

Glass tubes bent under the upper glass (to enable CO,
to flow above medium in the part Il of the chamber)




Inkubace zivych bun ék pod mikroskopem

Inkuba éni kom urky

Termistor

N

Prepazka pro experimenty
na primem mikroskopu

Kryci skliCka na vrchni
a spodni strané komurky
Miska pro sterilizaci v autoklavu

Sklenéné trubicky pouzivané pro
plnéni komurky a pro profukovani CO,




GEP in zebrafish (Danio rerio)

www.ifom-ieo-campus.it/research/mione.php




SRL pomoci Cy3-dUTP a segregace
chromosomovych teritorii u jader HeLa bun  ék s
histonem H2B konjugovanym s GFP

1st cycle 3rd cycle after at least 6 cycles




rster Resonance Energy Transfer
orescence Resonance Energy Transfer (FRET)
* popisuje mechanismus prenosu

proteinu energie mezi dvéma fluorescenénimi
nebo blizkych molekul  molekulami

- fluorescenéni donor je excitovan svoji
specifickou fluorescenci o excitaéni
vinove délce

» dalekonosnym dipol-dipole vazebnym
mechanismem nezafivym prenos
excitovana druha molekula - akcept

| A28 nm
" Stpkes Shil
o 525 nm

El[ih = E-AJ{ b -cC]{{E-a}[ h]

némeckého veédce Theodora
a. Pokud jsou obé molekuly
echi, je casto uzivan nazev
nce resonance energy
ackoliv  energie neni



na tfemi parametry:

1oru a excitaéniho spektra
'omentu donoru a absobén




FRET technika

excitation Jedna se o rezonan ¢€ni

M/ pfenos energie mezi blizko

se nachazejicimi
molekulami fluorochrom U

~xcitation

458nm
FRET 1!!P
Energy transfer
v 480-525nm

Emission
525.575

Interakce mezi dv éma proteiny: CFP-NIPP1, YFP-PP1,; vpravo FRET

(sviti speckles, kde NIPP1 sm éruje PP1); dole mutant NIPP1, ktery
nevaze PP1 — FRET nefunguje.




Pfiprava preparatu

_ Imunocytobarveni
Immunohistochemistry Process
Diract Lakaling
e Immunocytochemistry
e to fdentify potential

Soorclagoguss

2nd antibody

o -
(labellad)
Inciract Labaling ==
L A 1! s . 15l antibody
/ (against

nauratransmitier)

Tt

hitp:!fwww.celanphy. science runl

Erryme nubsteate Avidin-Bigtin EnTymre Bigtmylnted 2° At

Comples



Fluoresence In Situ Hybridization

Labeling with

flucrescent dye .
\ y
‘ o
O

b

hitp:/'wans accessexcel llence org/RCALIGGIfish_himl



total genomic DHA from cells to analyzs fatal genomic DNA from nomnal cells
(test ON) labeled with bio'in [eontrol DNA} labeled wit digaxiganin

bl &b kb &I

bridization
\ (rormaf chromosomes) {

¢ 4

Tetection

-

Gene-ﬁgedfic
probe

Gentromens Telometic  Chtomosome-painting
probe probe probe

I |
Fepettive-saquence probes

Examples of dfferent types of fucrescence in sity hybridsaton (FISH) probes
Expert Revew s in Molecular Medicine @ 2000 Cam bridge University Press




3D-FISH a konfokalni mikroskopie

1912 probe

v -

Galerie optickych fezu

-

Maximalni obraz
VSech fezu

Weierich et al., (2003) in press
3D reconstrukce CT (2003) in p







Segmentace FISH signal u




Automaticka analyza obrazu




Automaticka analyza obrazu

Signal attributes:
Hybridization #1  Probe #2  Signaltvpe: Gene
£ 45.00
dz
Height: 51

FidHM: O PuHMy: 0 FivHMz: 0




EFISH 2.0 [Feizz+MicroMax] [Mar 21 2001)

lz Yideo Mode Edit Filter Segment Mucleus Manual segmentation  30-Wiew

- [0) x|













Amplifikace 1q21

TR,
IEQ;II

igmane
gﬁaa;;.



CGH on metaphasespreads

R

+ Cot1 DNA

chromosomal ODNA




11q12- q14

amp




Znaceni bun ék metodou SRL ( scratch replication labeling)
uZitim nukleotid U konjugovanych s fluorochromem

(SRL on neuroblastoma cells with ~ Cy3-cJUTP “ - fixed 30" after labelling)

Schermelleh et a. (2001) Chromosome Res. 9:77-80




Schéma kvantové kuli ¢€ky

Core
Shell
Polymer Coating

Streptavidin

Quantum Dots

) TOPO coating
core

& ]

v R ns

TEM of a 4 nm shell
CdS e quantum dot

Solutions of differently sized Fluorescent emission fingerprinting of polymer
CdSe gquantum dots beads that contain CdSe quanutm dots




h na sobé& nezavislych kritérii

i
2

/' The ‘imaging triangle



_ paprsek elektront (prochazi jej po radcum
cich eiektronu S materlalem vznrku vznt

ob]ektwovou &k _ vac ' |
astigmatismu.

¢ockami. Tubus obsahu jla jednu nebo

—

vice kondenzoroy
cnrky stigmétoru pro korekci



Introduction to Electron
Microscopy

Electr'On M[croscopes were l"lOt Trans;ﬂn;::::sﬂiﬁ:ctmn
~ developed until the Twentieth
~ Century

Scanning Electron
Microscope

A The first Transmission Electron
Microscope (TEM) was built in &=

Scanning Tunneling Atomic Force

* The first Scaﬁ?ﬁm I lectron Micrnés-::ope Microscope
Microscope (SEM) WEESweERl 7k
1942 '

* The Scanning Tunnelling
Microscope was developed in
1982.

 The Atomic Force Microscope

wime Aavialanad n 102K




Transmisni Elektronovy Mikroskop (TEM



NAF







-rozliseni prevysuje moznosti konvenéni
mikroskopie pomoci double-objective
imaging systemu podobnému CLSM —
nutna zvlastni skla (draha)
-4az7krat vyssi axialni rozliseni nez
CLSM/MP
-aplikace limitovana hloubkou 10 mikronu
-technicky naroény
-~ -nutnost precizné sesazenych cocek a

. velmi precizné nastaveny laser
-komercne dostupny, ale velice drahy



WHAT IS A SYNCHROTRON

A synchrotron is a device that accelerates electrons to almost the speed of light. As the
electrons are deflected through magnetic fields they create extremely bright light. The light is

channelled down beamlines to experimental workstations where it is used for research.




X-RAY MICROSCOPY

Soft X-ray microscopes can be used to study hydrated cells up to 10
um thlck and produce images of 30 nm resolutions. X-ray
microscopy, that has the more pronounced properties of laser

b S ot

saanﬂﬁlg:ﬁanfocal microscopy (LSCM), has been a long-standing goal
for e mental science (Seres et al., 2005). Since the cells are
@;{ transmissive water window", where organic

[maged-:mmﬁ?& X
material absorbs apy'- imately an order of magnitude more strongly

S T

. than water, chemical contrast enhancement agents are not required
view the distribution of ce lular structures (Meyer-lise et al., 2001).

ch experlments c:Bils mtm be rapldly frozen tcr be studied on a

Fig. 4, Mudd of human mann epitieial cells |T: I| lebellad For HEA ph u [actor (S m3N0L 1A ) Xonay mdoroerep b of o siggle nucheus
alter siheer enbrarge meni I‘:|i.»- ||||.:-.',~: %@ b g kd o WL IR 18l X=r; creeenpe mages, (B Some pocteus alter ooloor
cofing to smphasize the kebel, 10} Contral; single nocleus thot was expreed |:'l.'.II'I-".Iil‘_|.' anfibadies ond sjler enhnneement but ot primnry
antihodies, This omaee Iy nh i rr1~|h'-. from two mdnidual 3'\ rey mimmascape mnges, Magntfoution = 24000 (.05 NA sdth 20 nm

plzel size ul 51 ';-1 Th = 2.4

Mever-Tlse et al., 2000



