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Cytometrie s vysokym rozlisenim

1) Fluorescencni mikroskopie

2) Priprava preparatu

3) Konfokalni mikroskopie — princip, varianty, zivé
bunky, rychla konfokalni mikroskopie

4) Automatizace mikroskopickych technik

5) Analyza obrazu

6) Pokrocilé cytometrické techniky (FRAP, FRET,
,,Standing wave* mikroskop)




1665 — Robert Hooke 1. mikroskop

Hooke Microscope 1935 — Marvin Minsky (Harvard)
konfokalni mikroskopie
1957-patentovano

Figure 2. Microscopy from the 17th to the 21st centuries (see page 10).
{4 Robet Hooke's micoseose 25 detailed in Micrographiz, published in 1665 (23}, imupe repro duced
with permission of the Charles Deerng MeComnick Lilrary of Spedal Collections at Narthwestenn
Unaersity, USA, (81 A schomatic of Hooke's miciostope ahowing Lha relevant componenis, [mage
reprochiced with permigsion fnom the: Moleculz Expressions Microscopy Frimer

D micrpscopy. bsuuedu/primen'mussumyhocke Bitml). [0 Leica Migresystams’ TOS AQBS corocal
gcon head, commenzally avatkable from 2002 G leica-microsysiems.com,). The numibered
componerés are a5 folows: 1, UV laser; 2, 1R laen: 3, visibie range losar: <, UY scousto-opiical lunmable
filier, 5, IR electro-optical modulelor; & isible range scousts-optical tunsble filer; 7 UV adaptation
opiics: & UV exciation pirbiok; %, R excitaton pichole; 10, WIS excitation piohole: 11, primary beam
splitter; 12, adiustable puphl lumenation: 13, 'K'-scanner with rotator; 14, microscope and objective: 75,
ransimived [ty dewector; 16, conlocal detection plnhisler 17, anafyrer wieel; 18, speclrophotornetsr
prismz 19, phoiomuliiplier channel 1; 20, photomultplier chiannel 2 271, pholomuitiplier charnel 3; 22,
phetemuligler channel 4; 23, exizmal opicd por: 24, nondescannad reflected light desecions




ozorovani ve svétlém poli (zakladni metoda,  diferencialni interferenéni
s ﬁii se urélté setkal kaidy kdo s mikroskopem kontrast

sinterferencni mikroskopie
*polarizacni mlkroskop|e

Fig. 1 vitamin © arystals ebesreed in palanssd
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oreceptorové bunky oka (ROZLISOVACI SCHOPNOST OKA)

- funkéné analogické k senzorum (picture elements, pixels) na CCD chipu televizni kamery
- absorbuji svétlo z obrazku, formuji ho na retiné pomoci rohovky a ¢ocky

- posilaji nervové impulsy do mozku

-2 typy tycinky — senzitivngjsi

8 — noéni vidéni

"“k cipky —barevné vidéni pfi dostateéné intenzité svétla

- — s rozdilnou senziﬁwtuu ke spektru — viditelnou ¢ast spekira rozdéluji na 3 pruhy,
- které lidské oko vnima jako red, green, blue (RGB)

| — 3 zakladni barvy lidskeho vidéni

=r;

Microscopic Anatomy of the Retina

"‘ra_
Visible Light 5pec|mm
< Ultravislet Infrared —_ H
400 500 600 700
Wavelength Nanomeiers] cighe
Tha Lara

Vitreous Humor

Fig. 1: Anatemy of the human eye and the retina,

GLT, Imaging & Microscopy D4/2003, pp 5882, GIT VERLAG GmbH & Co. KG, Dammsi=dt, www.imaging-git.com




llustrace viivu numerické apertury objektivu na Zmka mikromleteho vapence, pozorovana v tzv.

rozlisovaci schopnost mikroskopu. Hormni temném poli objektivem zvétsujicim 6,3krat, aviak
snimek — zmka mikromletého vapence, 0 podstatné mensi numericke aperture (NA =
pozorovana v tzv. temném poli objektivem 0,03);
zvétsujicim ﬁgk,ﬁtm =020 1 — izolovany bodovy objekt (zmko) se zietelnymi
Airyho krouzky,
2 —dvé zmka nachazejici se ve vzdalenosti
%nﬂp@ﬂ;ﬁ]ﬁf teoretickeé rozlisovaci

-schopnosti zvoleného objektivu,
’3°-—ﬂﬁ&ﬂik splyvajicich zmek.

Wom W e

Numericka apertura nejkvalitnejsich objektivu byva ~ 1,3 az 1,4.

Numericka apertura objektivu (NA) je vyjadrena matematickym zapisem n sin
6, kde

n je index lomu prostredi pred objektivem

6 je polovina vrcholového uhlu kuzele paprsku vstupujicich do objektivu.

e T P P 1 =




Visible Light Microscopy:
Objectives: numerical aperture

* NA-=ability of lens to gather
light and resolve detail at a
fixed distance from object.

— Dependent on ability of lens to
capture diffracted light rays.

NA = (n)sin{y)
(a) p=7" HNA=0O12

n=Refractive index is limiting (b) 1 = 20° NA = 0.34
(arr=1.0. o1l=1.51) (c) u = 60° NA = 0.67

Figure 2

— Do not mix mediums when
using a lens

Theoretical resolution depends
on NA and the wavelength of
light. NA=n-sin(1)
— Shorter wavelengths=higher
resolution.

— Resolution limit for green light
(NA=1.4. 100X) 15 0.2 pum.
« R=0.610/NA




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

— Numerical aperture Flat-Field Aberration
Correction Correction

Linear 4 Numerical
Magnification Aperture

— Optical corrections

* Achromatic: color (red/blue)

corrected.

S i | e | o
Fluorite: optical aberration spgf,iﬂéijrﬂ : rnurzsﬁmn

ted
correctec Properties Working

Apochromatic: color (red. green, Tube Length Distance
blue and spherical aberration
corrected Cover Slip Color Code

Thickness — Spring-Loaded

Microscope tube length Front Lens

Cowverglass thickness (0.17mm)
Immersion medium (air, water. oil)




Vytvareni digitalniho obrazu
Analog Image Digital Sampling Pixel Quantization
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S\}éﬂﬂ generuje elektronovou diru cestou fotoelekirického efektu. Naboje se sbiraji, spojuji
se ve Q“quky a nasledné jsou transportovany pies CCD senzor, naboj se prevadi na elektrické
napéti. To je j&?gmpllﬁkovanu na samotném Ghl[:iu | Mimo néj.
Analogoveé msllm ggnvertnr prevadi napéti (signal) na binarni format o rtizné bitové hloubc

Bit Depth and Gray Levels in Binary Images
zen 4 Bit 6Bt T Br BBt 10EBR

Dynamic kangs)




Color models - kazdy poskytuje jiny pohled, uzivaji se dle Géelu
— konverze mezi jednotlivymi modely je mozna
— RGB, HSI, CYM, CYMKk a dalsi

HSI - hue, saturation, intensity RGB - red, green, blue M C - cyan, yellow, magenta
pf. zeleny travnik — zakladni barvy — prekryté zakladni barvy

e b _wme  _ nelze vygenerovat bilou barvu
B
w""t | A :
. | o i -~
- i Primary Colors
'&‘}i /}1 _________ Yellow
,f?’ Green Yellow
Blac Rad
g e Sl e R Wi s il iy

Blue L& Cyan

Cubtractive

— Additive

dobry popis a rozeznani barev  lidske vnimani. digitalni kamery, opticke komponenty (filtry, tiskarny)



i mikroskopie

Jablonski Energy Diagram
{Pﬂﬂﬂﬂﬂﬂ ) Excited Singlet States
bsorptio § ——

Vibrational
107"® Seconds 52% Energy States
Internal 2 4 Intemal
Cnnvgrdsinn g L} Conversion
d
numauﬁﬂﬂ s, % F:ugmﬁ?me Polsky pmf Alexander Jablonski vysvétlil, jak jsou elektrony
(10%. 1011 ge) © — s Excited vV fluoroforech excitovany ze zakladniho stavu do stww
g - 3

: State energeticky vyssiho a jak mohou tyto excitované elektrol

 Flugrescence b o (T,) emisi fotonl relaxovat nebo jinymi mechanismy se nakone c
(a0 3sc) Crossing vratit zpét na zakladni hiadinu.

Intersystem

Crossing Mon-Radiative
e / Neipiet)

Quenching
e i Phnsﬂhoresnenne

Mon-Radiative g 3 (10 'mi Sec)
Relaxation ~ 0 1 Higire 1 x 104 s az minuty nebo hodiny)

Ground State

axcited vibrational slales

/ {=xcited rokabional states not shaown)

ﬁhulnn absorplion
uorescence (emission)

82 = phosphorescence
= SInglet state
— I - triplet state
| G = internal Conyersion
S ] 15 = intersystem crossing

—
[=)]
o
T
=
w

1
A, T,
F

S, -

electronic ground state




i citlivost fluorescence

cenéni molekaly (auto-fuor

e nutno fluoroc




confocal microscopy

Kontrolovana hloubka pole

| Eliminace degradace obrazu mimo ohni
~ pomoci prostorove filtrace

Confocal
FPinholes

‘Eliminace Airy disc pattern

‘Série optickych fezi o definov

Detector

[age scanning

Objective Beam scannin

Object
in Focal Plane

____________ notin Focal Plane




Princip fluorescenc¢niho mikroskopu

'y
Excitacni filtr, -
(nastaven na modrou I
tj. 450-490 nm) = Bariérovy filtr,
\ (nastaven na zelenou
tj. 520-560 nm )

>

“+ Dichroické zrcadlo,
odrazi svétlo pod 510
a propousti nad 510
\ ;
I




LSCM mikroskop

skenovaci

zrcadla ! E
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Tandem scanning microscopes
based on Nipkow disk

Source of light

pinholes
Dichroic mirror

, = ICCD

rotation

a Sample
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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 MA {right) objectives.

Pod rozliSovaci schopnosti mlkmskopu se chape minimalni vzdalenost dvou bodu objektu, ktere se jesté
Zobrazi jako navzajem oddélene. Zadny objektiv nemuze zobrazit bodovy objekt opét jako bod. | p
dokonalé korekci vdech moznych vad zobrazeni, které souvisi s technologii vyroby objektivd, jsou
obrazem bodu Airyho krouzky. Tak se nazyva difrakéni obrazec vznikajici ochybem zobrazujiciho se svetl:
na ¢ockach objektivu. Pri zobrazeni dvou blizkych bodt se mehou jejich Airyho krouzky prekryvat, a,?.ga-
pfi jisté minimaini vzdalenosti stanou téméF neroziiSitelnymi. Tato mez se bé&Zné odhaduje dle
Rayleighova kriteria (1879), ktere v podstate vychazi ze skutecnosti, ze lidsky zrak zaznamena pozvoiny
predél mezi dvéma difrakcnimi krouzky teprve tehdy, poklesne-li intenzita mezi nimi alespon o 20 % oproti
prilehlym maximum. Pro modré svétlo (viditelne zareni nejkratSich vinovych délek) se teoreticka
rozliSovaci schopnost blizi hodnoté kolem 0,17 m. Prakticka rozliSovaci schopnost realnych objektiv

zavisi ovéem takeé na tom, jak dokonale se pfi vyrobé podari zkorigovat ruzné vady zobrazeni.
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KONVOLUCE - artefakty obrazku
— nezaostiena mista pod nebo nad
rovinou zobrazeni (u flourescencni
mikroskopie nebo u histologickych
fezl - zare, deformace obrazu,
zastreni).

— omezuje presnost a rychlost
analyzy obrazu

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 to 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 also advantageous for more extensive analyses.

DEKONVOLUCE — matematicka
metoda slouZici k eliminaci
artefaktl obrazku

— vysledny obrazek ma mene
sumu a vetsi rozliseni




Zeiss Axiovert 100 + konfokalni jednotka CARV

rl*
U

hjednotka CARV
Axiovert 10 -4

9 ' _ ”ﬁ
28 o & B/
. - g

-
S—




A
k'

Fa il
W

{
ALY .

AN ‘.r'z: 1 * | _
Melles-Gric i &
N ) 1\
. f . =
. W - - = f S/

ontroller of microSegpe
temperature

[
m— -

Luxmeter

DC 12 V for Peltier element 25 um fiber H \_







Ar/Kr Laser Innova 70 (Coherent)

Laser head Rear view on the laser

Internal aperture
Screws adjusting rear mirror

Light open/closed




SC35/

JD-projections
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FLUORO OMY:
3 skupiny
1. fluorochromy nesouci dalsi

molekulu, ktera je cilena na

. urcitou strukturu (protilatky,

2

‘lektiny, ..... a tzv. quantum dots)

zakladni jejich vlastnosti je
vazebna schopnost na néjakou

o = =l

strukturu (DAPI) nebo se méni
jejich fluorescence, s méﬁt%ﬁ“""
se mnozstvim navazane
molekuly

fluorochromy produkovane
samotnymi organismy (GFP) —
znazornovani zivych bunek,
vyvojoveé studie a vubec pouziti
v molekularni biologii
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Olympus BX51 Epi-Fluorescence Microscope Cutaway Diagram

Camera—Fdes Olympus
Black Box BX 51
: Transmitted
Focusing @ and
Telescope: i T A Reflected Light
1 St Microscope
—Exposure -
Monitor qu;:'gf"-'d
Light Epi-Fluorescence
Rubber Extension Sensor lllumination

Eyecup Tube
Projection Cooling Epi
scopic
Lenses Eyepiece Vents Laﬁpho?:r-e

' Trinocular
Egep!ece Head

(Ocular) Vertical  Shutter

'_pﬂgmg, IIIuminatur

Beamsplitters

Filter Cube
Turret

Dichroic Filters =3

Breathshie!d\

Collector Lamp
Lens

Fan

Diascopic
Lamphouse

Adjustment

Filters ’
Mirror Focus == Transformer

Knob Collector
Lens




Fluorescence Microscopy:
Filter Cubes

« Excitation filters

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

_ _ o gl 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




Aequorea victoria

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 Aeguorea
victoria zijici v Tichém oceanu green flourescent
protein - GFP

GFP
chromophore




sFP-H1b

GFP-M1-5




Co je to FRAP?

FRAP (Fluorescence Recovery after Photobleaching)

- navrat fluorescence v deflnovane oblasti vzorku po vysviceni ‘bleaching
procesu’.

_njrch fluorofort z okolnich mist vysvicené




Inkubaéni komurky pro primy 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 /
under the glass tubes; cells

are not grown here T 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 |l of the chamber)




Inkubace zivych bunék pod mikroskopem

Inkubaéni komurky

N
AN

Prepazka pro experimenty
na primem mikroskopu

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

Termistor Sklenéné trubicky pouzivané pro

plnéni komurky a pro profukovani CO,




GEP 1n zebrafish (Danio rerio)

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

fransrenic iobrodish cmbrye, I doy




Vizualizace vazebnych mist proteinu

V DNA in vivo pomoci GFP
Chromosomova DNA

Do bunky se viozi plasmid kodujici

dany protein konjugovany s GFP

Syntéza konjugo-
vaného proteinu

—
EERREEEN

Protein se vaze na
cilova mista v DNA,
Ktera potom zeleneé
fluoreskuji

AT
C|G
T |lA
G|C
AT
T |lA
AT
C|G
T |[A
G|C
AT
T |[A




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

¥ gt
& "
F 254 " [N o
F oy N -
y e . a2
2& * e : 3
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{ A 3 Q
*
& 4 -
¢ s : J
?\ b | % W

1st cycle 3rd cycle after at least 6 cycles




-orster Resonance Energy Transfer

studium interakci proteinu
F nebo blizkych molekul

Energy

122 nm .
Stakas- Shili .,
525 nm J

B-Ax' -Cxlc-axhl

Ey i) =

C

Fluorescence Resonance Energy Transfer (FRET)

* popisuje mechanismus prenosu
energie mezi dvéma fluorescenénimi
molekulami

« fluorescenéni donor je excitovan svoji
specifickou fluorescenci o excitacni
vinove délce

« dalekonosnym dipol-dipole vazebnym
mechanismem nezarivym prenosem
excitovana druha molekula - akceptor

*donor se vraci do elektronoveé

y transfer” (FRET), pojmenovano
__pacjle némeckeho veédce Theodora
Forstera. Pokud jsou ob& molekuly
fluorescecni, je ¢asto uZivan nazev
"fluorescence resonance energy
transfer”. ackoliv energie neni




emi parametry:

-'J-.

: | a akceptorem
ho Sp ',a donoru a excitaéniho spektra akce
jlového momentu donoru a absobéniho
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Pfiprava preparatu

il Imunocytobarveni
Immunohistochemistry Process . ;

fmmunocytochemistry
to identify potential
Foeorciagogucs
2nd antibody
(labelled)

18l antiboedy
fagainst
naurctransmitier)

L Incirect Labafing

i

hittp:ifwww. chemicon com

Immunocytochemistry

Visualization of Brain Cells by Immunecytechemistry
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Fluoresence In Situ Hybridization

Labeling with
flucrescent dye

hitp-fwrww. accessexcellence org/RCNVLIG Gifish_himl




3D-FISH a konfokalni mikroskopie

112 probe
. h

- . >

Galerie optickych rfezu

»

Maximalni obraz
Vsech rezu

Weierich et al., (2003) in press
3D reconstrukce CT (2003) in p
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Amplifikace 1q21




"N 3p12-p21 del

7 "
11q12-q14

amp




Znaceni bunék metodou SRL (scratch replication labeling)
uzitim nukleotidil konjugovanych s fluorochromem

(SRL on neuroblastoma cells with " - fixed 30" after labelling)

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




Schéma kvantové kulicky

10-15 nm
——

Core

Shell

Polymer Coating

Streptavidin

Quantum Dots

CdSe TOPO coating
coreg
Wahagins
; Zn3 I\/\/W
TEM of a 4 nm shell
CdSe guartum dot
e ) H I‘;"-'-;i_?:‘:n..-'-"

Solutions of differently sized
CdS e guartum dots

Fluorescent emission fingerprinting of polymer
beads that contain CdSe quanutm dois




Segmentace objektu




Segmentace FISH signalu




Automaticka analyza obrazu




Automaticka analyza obrazu

signal attributes:
Hybridization #1  Probe #2  Signal bvpe
¥i 570,92 & 4500
dz: -24.20
Intensity: 63 Height: 51
FwHM:: 0 FWHMy: 0 FWHMz: 0

Intensity criterion:

Do you wank ko delete this signal?




B >
9 ® ¢ B




» X
¥ 2




» X







s spinéni tfech na sobé& nezavislych kritérii

Sensitivity
-to-noise ratio)

' The ‘imaging triangle’ :

ﬁcqui'si‘iiibn speec
(temporal resolution)




ELEKTRONOVOVY MIKROSKOP
Transmisni nebo rastrovaci (skenovaci)

Na kazdé misto vzorku je zameéren uzky paprsek elektronu (prochazi jej po fadcich
— odtud radkovaci). [nierakcl dopadajicich elekironu s materialem vzorku vznikaji
. ruzné detekovatelné slozky. Jak paprsek putuje po vzorku, méni se podle
charakteru povrchu Uroven signalu v detektoru. Z téchto signall je pak sestavovan
vysledny obraz. Ziskany obraz je standardné monochromaticky.

Zdrojem elektronu je elekironova irvska, nejcastéji wolframové Zhavené viakno,
umisténe v tzv. Wehneltové valci.
Elektrony jsou urychlo@ﬁy s;ng em K vzorku urychlovacim napetim (typicky O5i=
30kV). ————

Svazek elektronu (paprsek) je ‘upravovai zaostmvan elekiromagn
tockami. Tubus obsahuje zpravidla jednu nebo vice kondenzorowych .
objektivovou Cocku, vychylovaci civky rasii"u a civky stigmatord pru korekci
astigmatismu.




Introduction to Electron
Microscopy

+ Electron Microscopes were not N oo T S i
developed until the Twentieth -
Century

* The first Transmission Electron
Microscope (TEM) was built in
1932

Scanning Tunneling

2 The’ ﬁl"St Scannlng EIECtron - Microscope
Microscope (SEM) was builtin | %~
1942

* The Scanning Tunnelling
Microscope was developed in
1982.

* The Atomic Force Microscope
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-rozliseni prevysuje moznosti konvenéni
mikroskopie pomoci double-objective
imaging systému podobnému CLSM —
nutna zvlastni skla (draha)

-4az7krat vyssi axialni rozliseni nez
CLSM/MP

~ -aplikace limitovana hloubkou 10 mikronu
i -technicky narocny

-nutnost precizné sesazenych ¢ocek a
velmi precizné nastaveny laser
-komeréné 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 thick and produce images of 30 nm resolutions. X-ray
microscopy, that has the more pronounced properties of laser
scanning confocal microscopy (LSCM), has been a long-standing goal
for experimental science (Seres et al., 2005). Since the cells are
imaged in the X-ray transmissive "water window", where organic
material absorbs approximately an order of magnitude more strongly
than water, chemical contrast enhancement agents are not required
to view the distribution of cellular structures (Meyer-lise et al., 2001).
In'such experiments, cells must be rapidly frozen to be studied on a
cryostage, showing information which is closely similar to 4D-living
cell observation.by LSCM.
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Fig. 4. Medd ol human mommary epitadial cells (T4 lebellad for B0 spliviog lscbor (Sm 30000 1A} Xnay mtioroereple of o single nucleu
alter silver snfiancement, This image isa mumbage compmksd rom pao ee@vidoal Xeray microewope mages, (B Same pocieos alter aoloom
coding to cmphnsize the lbel, [0} Contral; single nocleus thal was expreed bo second omy antibodies wnd siheer emhnneement but oot primory
antihodies, This maee 15 0 meninpe corrplled from mwo mdedual Svey microscope mages, Magntlontion = 24000, (.05 N A sdth 20 nm
plxel size i 517 eV (k= 2.4 nm).
(lewver-Tlze of al., 2000




