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OSNOVA PREDNASKY

Historie

Svéetelna mikroskopie a jeji modifikace

Fenomeén fluorescence

GFP a Spinach

Konfokalni fluorescencni mikroskopie

Imunocytochemickeé techniky, FISH, FRAP, FRET, live cell imaging

Superrezolucni fluorescencni mikroskopie



Kdy vznikl prvnl' Robert Hooke, Micro-graphia,
. 1667,
mikrosko p? “Microscopium compositum”

Antonie van Leeuwenhoek, Single-lens
microscope, 200x magnification
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Pozorovani bunék v microscopum
compositum, R. Hooke

This is Hooke’s drawing of the microscopic structure
of cork, showing in great detail the cell walls neatly
separating the tiny sub-divisions of the plant. Until
Hooke’s observations, the cellular structure of living
matter was unknown. It was in fact Hooke who first
used the word “cell,” likening what he saw through
his microscope to a monk’s cell in a monastery.

http://archive.nlm.nih.gov/proj/ttp/flash/hooke/h
ooke.html




SVETELNA MIKROSKOPIE

Pozorovani ve svetelnem poli

Optickeé kontrastni metody
Fazovy kontrast
Diferencialni interferencni kontrast

Pozorovani v tmavém poli



CHARAKTERISTIKA OBJEKTIVU -
NUMERICKA APERTURA

Numerical Aperture Rozliseni, R, objektivu

NA =n e sin(o : : p :
B 5 je definovano jako

(a)a=7° NA=0.12
(b) ot = 20° NA = 0.34
(c) 0. = 60° NA = 0.87 R =A/2NA

n = index lomu média
Imerzni objektivy (zvétseni 60x - 100x); NA = 1,4



Bright-field microscopy

Measuring
Reticule
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Rewind Plane
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http:/ /www.olympusmicro.co
m/primer/anatomy/bh2cutawa

v.html



Differential interference contrast microscopy

N

%

http://www.leica-microsystems.com/science-lab/differential-
interference-contrast-dic/

-
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Polarizing filter
(45°)

Wollaston prism

Condenser lens

Sample and slide

Objective lens

Wollaston prism

Polarizing filter
(135°)

45° Polarized
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Annular Ring

Condenser Lens

Petri Dish

Objective Lens

Phase Plate

Specimen View with Eyepieces

http://www.leica-
microsystems.com/science-
lab/the-principles-of-phase-
contrast/







FYZIKALNI PRINCIPY
FLUORESCENCE

Stokes’ Observation

uv
Absorption

Figure 1

Visible
Fluorescence
Emission

Jablonski Energy Diagrams
H{ﬂher Enegy and
- Vibration States
=Lowest Singlet
Excited State

- = Forbidden
Transition
to the
Triplet State

Ground State

Fluorescence Phosphorescence Delayed .
> P Fluores%ence Figure 4



STOKESUV ZAKON

Vinova délka emitovaného svétla je vzdy vyssi nez
vinova délka excitacniho svétla (v dusledku ztraty
energie elektronu pfi prechodu z vysSich excitovanych
energetickych hladin do nejnizsiho stavu)

Jablonski Energy Diagram
Excitation :
(Absorption) E;‘w :

-15 Vibrational
107" Seconds Sz% 3 :I-Energy States
S
Internal : ! Internal
> Con;:as»on 5 D) Convers ion
7\ ,e I I l 7 beX Vibrational ¢ 33 — i i
Relaxation 1
ec

Eie | o | Fluorescence
lax 1 oy g r— R
(1014 10" sec) o~ e
— Sy, ——3 Triplet
\\"“ ? State
Flugresc7ence i o "_"o (T1)
~-10" ntersystem g
(10 L ) Cros);ing‘ f
Intersystem
Crosiing Non-Radiati
e | elaxal
] (Triplet)
Quenching y
WA =g % Phos%horez cccccc
Non-Radiative g %‘E (107- 10” Sec)
Relaxation 01 — 1 :
ot s Figure 1




FLUORESCENCNI MIKROSKQP A
KONFOKALN| FLUORESCENCNI

MIKROSKOP

Digital

.| Camera
Epi-Fluorescence = Systems
Microscope :

o § | . Epi-Fluorescence
i £ - Lamphouse
Observation T
Tub “g . “F e
. T >

Halogen
Lamphouse

Principal Light
Pathways in ;

Photomultiplier
Confocal Microscopy

Detector
- Detector

Pinhole
In-Focus
Emission Aperture
Laser Light Ray
Excitation QOut-of-Focus
- Fluorescence

Source
I Emission
Light Ray

. —Dichromatic
| A" Mirror
Li hlt ﬁorrce
nhole -
Aperture ! : Objective
Figure 1 ‘ / /—Excitation
Speclmen\ / nght Ray

Focal .
Planes -E



Rozdil mezi widefield a konfokalni

mikroskopil
Widefield Versus Point Scanning of Specimens
Cover
Glass
| 4“_—_ _Specimen—-_. e —
_ . “Microscope * ——
. Slide /
Widefield Scanning Illumination Point Scanning
Beam

Figure 2



TYPY FLUOROFORU

-> Aromatické organické slouceniny
(heterocykly, polyaromatické uhlovodiky)

-> Proteiny (BFP, CFP, GFP, YFP, RFP, DsRed)
-> RNA (Spinach)



Ethidium bromid DAPI Texas Red




Chromophore Structural Motifs of Green Fluorescent Protein Variants




ABSORPCNI A EMISN| SPEKTRA

Fluorescent Protein Spectral Profiles

Excitation Spectra Emission Spectra
§100 §1oo
o 80 o 80
n wn
5 60 5 60
E 3
u U
o 40 o 40
N I
£ 20 £ 20
5 5
300 400 500 600 700 400 500 600 700
Wavelength (Nanometers) Figure 10 Wavelength (Nanometers)

http://www.olympusmicro.com/primer/techniques/confocal/fluorophoresintro.html



(3
SR

HBI (in GFP) P}ﬁ

- RNA mimic of GFP

B

DMHBI

13-2 RNA DMHBI + DMHBI +
13-2 RNA control RNA



ic of GFP

M

RNA m

5S-Spinach

5S-Lambda

+DFHBI({tSuc)

+DFHBI

+DFHBI(tSuc) -DFHBI -DFHBI(tSuc)

+DFHBI

|Syo00Heseyd

g

|

140



NEKTERE TECHNIKY MOLEKULARNI
CYTOLOGIE

Imunocytochemie
Transfekce bunék

Indukce posSkozeni DNA (indukce dvouretézcovych zlomu po
senzitizaci, vheseni oxidativnhiho poskozeni a fotoproduktu)

Studium dynamiky proteinu (FRAP)
Studium interakce proteinu (FRET)
Hybridizace in situ

Studium zivych bunék (Live-cell imaging)



IMUNOCYTOCHEMIE

Vizualizace proteinu pomoci primarnich a sekundarnich protilatek.
Primarni nebo sekundarni protilatka je znacena fluoroforem (Alexa

488, Alexa 594, Cy3, Cy5..))

#7%F goat
anti-mouse

S
Py

o _._,L
. mouse .
-~ =~ « - -
£ N anti-human
..
,|I

di;ect ind}rect

mouse
anti-human

Pluripotent reprogrammed cell

,Revertant” fibroblast cell




PRECHODNA TRANSFEKCE
FUKARYONTNICH BUNEK

Ruzné komercni kity pro lipofekci

Moznost elektroporace / nukleofekce obtizné transfekovatelnych
bunécnych typu (embryonalni kmenové bunky, quiescentni bunky)

Optimalni transfekce pri 40-80% konfluenci

Exprese proteinu neseného plazmidem zpravidla 24h - 48h po
transfekci (zavisi na délce bunécného cyklu konkrétni bunécne linie)

pTagB FP-N

ppppp




Overview

1 Terminology @ Common Transfection Methods
Reagent-Based Methods
Lipids
2 | Factors Affecting Transfection Calcium phosphate
~—— Host Cell Catlonic polymers
Cell health DEAE-dexiran
Cell culture Activated dendrimers
Genetic Material Magnetic beads
DNA quality and quantity Instrument-Based Methods
Electroporation
3 | Transfection Workflow LRI
\ Microinjection
Laserfection/optoinjection
Virus-Based Methods

http://www.bio-rad.com/webroot/web/pdf/Isr/literature/10-
0826_transfection_tutorial_interactive.pdf



Lipofekce Precipitace Transfekce dendrimery
fosforeCnanem vapenatym

GA— Generalion

numbers
G3
MNuclesc acid -
G2
- . ~ G
+ ¢ -~ Core o
= _
Cationic lipid G0
Dﬂ++
Complasing
shi,
FyEm g
'I'+ ++
Liposome
Sg::ghm} Termini
Analysis P .
Dendrimer

Interior with multiple branches (generations G), well-suited
for encapsulation of drugs and nanomaterials

DNA

http:/ /www.bio-rad.com/webroot/web/pdf/Isr/literature/10-
0826_transfection_tutorial_interactive.pdf

http://www.sigmaaldrich.com/materials-science/material-
science-products.htmi?TablePage=16375655 BIRID . et o et




HOwW Electroporation VWorks

1 Electroporation exposes a cell to a high-intensity electric field that temporarily
destabilizes the membrane.

2 During this time the membrane is highly permeable to exogenous molecules
present in the surrounding media.

3 DNA then moves into the cell through these holes.

4 When the field is turned off, the pores in the membrane reseal, enclosing the
DNA inside.

Stepi1 +

Step 2 +

Step3 +

Stepd +

http://www.bio—rad.com/webroot/web/pdf/lsr/Iiterature/1 0-

0826 _transfection_tutorial _interactive.pdf
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Viral Attributes

Viral Vector

Retroviral

Lentivirus

Adenovirus

Adeno-associated virus

(AAV)

Herpes simplex virus

Vaccinia virus

DNA Insert Size

8 kb

9kb

8 kb

5kb

30-40 kb

25 kb

Maximum Titer

1x10?

1x10°

1 x10%

1 x 10"

1x10°

3x10°

Cell Type

Dividing cells

Dividing cells
MNondividing cells

Dividing cells
MNondividing cells

Dividing cells
Nondividing cells

Dividing cells
MNondividing cells

Dividing cells

Expression

Stable

Stable

Transient

Stable, site-specific

location

Transient

Transient

Pitfalls

Random insertion site

Random insertion site

Highly immunogenic

Requires helper virus to grow;
difficult to remove helper virus

MNo gene expression
during latent infection

Potential cytopathic effects



INDUKCE POSKOZENI DNA

Metody fyzikalni: Metody chemické a biologické:
A) Ozareni bunék y zarenim A) Vyuziti mutagenu
B) Ozareni bunek UV-lampou, B) Vyuziti vzacne stépicich
UV-laserem restrikCnich endonukleaz
et gt C) Generace cilenych dsDNA
zlomu pomoci CRISPR/Cas9

systému

Gamma

Infrared Ultraviolet X-rays

Radio waves Microwaves

<«———LONGER WAVELENGTH (meters) SHORTER—>

| | | L | | |
102 1* 1 10" 102 10° 10¢ 10° 10 107 10° 10° 10%° 10 1072 10%



(A) 3 (B)

Cyklobutanové
pyrimidinové dimery a
6’-4’ fotoprodukty

(@)
Alkylované dusikaté

NH, NH, 0
CH; CH;

@)
e i e e N baze vzniklé
’\%H i, d e 12, o isobeni
2 2
*34 SATE o HzN)\Islll 9N\H pusobenim

H v s
I alkylacnich agens

1-methyladenine 3-methylcytosine 3-methylthymine 1-methylguanine (EMS M MS)
)

Figure 12.12 The Biology of Cancer (© Garland Science 2014)



Indukce dsDNA zlomu UV-laserem (355 nm) po
senzitizaci bunek pridanim Brd-U / Hoechst 33342

A

Figure 12.29b The Biology of Cancer (© Garland Science 2014)

y-H2AX




FRAP - FLUORESCENCE RECOVERY
AFTER PHOTOBLEACHING

Photobleaching Kinetic Analysis

fe———Recovery——| Photobleaching =
B'e“"‘ fotochemicka
R — (i) - (ireverzibilni)
(a) Immobile destrukce fluoroforu
I(t) Fraction

()=

Half (d)

Height of
“= Recovery (c) Mobile
(b) \ Fraction
t(o) T12
l(o)_\ 1(i) I(b) L.
———Time (t)=——»

Figure 9

Slouzi ke sledovani dynamiky proteinu znac¢enych fluoroforem



FRET - FORSTER RESONANCE
ENERGY TRANSFER

Jedna se o nezarivy prenos energie mezi parem fluoroforu, donorem a
akceptorem.

Ucinnost pfenosu zavisi na:
Prekryvu emisniho spektra donoru a absorpcniho spektra akceptoru
Vzajemné orientaci dip6lového momentu prechodu fluoroforu

Vzdalenosti fluoroforu (E ~ 1/r%)

U&innost prenosu (E) se vyjadfuje jako: E B 1
Foa = Fluorescence donoru za pritomnosti akceptoru

Fo = Fluorescence donoru bez prfitomnosti akceptoru



VYPOCET PREKRYVU SPEKTER
DONORU AAKCEPTORU PRO FRET
APLIKACE
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Excitation Excitation

- Emission
Emission A
490nm.y 430 fim 530 nm.y <<<25° 430 m

FRET - VYUZITI

5’ c-fos mRNA 3f

3%5, /{ d

Principles of
Fluorescence

| 3 Spectroscopy, J. R.
Bodipy 493 Cy5 Lakowicz, 2010
ﬂ hybridization
5’ T 3’
o
Donor Acceptor
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F R E T “Picket-Fence” Conformation
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LIVE CELL IMAGING

Predpokladem pro vizualizaci zivych bunék je inkubator vestaveny do
mikroskopu, ktery udrzuje stabilni hladinu oxidu uhliCitého (5 %) a
teplotu (37 °C)

Kultivacni miska s
mrizkou




Nobelova cena za chemii 2014 : Objev superrezolucni fluorescencni
mikroskopie
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>

Eric Stefan W. William E.
Betzig Hell Moerner

"The Nobel Prize in Chemistry 2014". Nobelprize.org. Nobel Media AB
2014. Web. 6 Nov 2014.
<http://www.nobelprize.org/nobel_prizes/chemistry/laureates/2014
/>



PRIKLAD SUPERREZOLUCNI
MIKROSKOPIE - STED (STIMULATED
EMISSION DEPLETION)




