Bi8920 Fluorescencni mikroskopie

Fluorescencni zobrazeni
zivych bunéek

doc. RNDr. Jakub Neradil, Ph.D.
Ustav experimentalni biologie PFF MU



Program prednasky:

e GFP a fluorescencni proteiny
e tracking metody
e fluorescence v realném case

e mikroskopovani zivych bunéek
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Osamu Shimomura  Martin Chalfie Roger Y. Tsien

The Nobel Prize in Chemistry 2008
"for the discovery and development
of the green fluorescent protein, GFP".

http://www.youtube.com/watch?v=90wpvSp4| 0
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http://www.youtube.com/watch?v=90wpvSp4l_0

O. Shimomura
60. -70. |éta: izolace fluoreskujicich proteint z meduzy

Aequorea victoria, kolem klobouku bioluminiscen¢ni organy
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Bi8920 Pokrocilé mikroskopické metody - jaro 2020 - 04 / 19.3. % N &



Princip luminiscence Aequorea victoria

 za pritomnosti Ca*?, bioluminiscence aequorinu
(apoaequorin = enzym + luciferin = kofaktor) -> modré svétlo
-> excitace GFP -> zelené svétlo

* prenos energie na principu rezonancniho transferu (FRET)
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struktura GFP: B-barel (11 antiparalelnich Fetézcd) , uvnitf a-helix s

chromoforem, 238 AMK, 27kDa,
aktivni misto: Ser65-Tyr66-Gly67 prestavba a vznik fluoroforu

Architecture of Aequorea victoria Green Fluorescent Protein
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The final flucrophore contains
a seres of conjugated double bonds

imidazolinovy
kruh

oxidiation

autocatalytic cyclization



http://zeiss-campus.magnet.fsu.edu/tutorials/fluorescentproteins/egfpchroma/indexflash.html
http://zeiss-campus.magnet.fsu.edu/tutorials/fluorescentproteins/egfpchroma/indexflash.html
http://zeiss-campus.magnet.fsu.edu/tutorials/fluorescentproteins/egfpchroma/indexflash.html

Excitace: 390-470 nm — wtGFP dva piky, emise cca 509 nm
redukovana forma — ex. 390 nm
oxidovana forma —ex. 470 nm

Vyuziti: ozna€eni genu, vznik fuzniho proteinu,

lokalizace a dynamika proteinu v zivych bunkach bez nutnosti fixace,
moznost uziti inducibilnich promotoru a tedy indukovat tvorbu
fuznich proteinu jen v urcitém case

Absorption and Fluorescence Emission Spectral Profiles of wtGFP and the S65T Variant
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Fluorescent Protein Gene Fusions

EXp rese . L for Subcellular Localization

Imaging

e prechodna z plazmidu
(vysoka hladina proteinu)

* stabilné - integrace do
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Vyhody GFP

* relativné maly protein (27kDa) — snadna difuze

e funkcni jako monomer

* nenitreba kofaktoru

» stabilni, vysoky kvantovy vytézek (0,8)

* v zivych organismech / bunikach — dédi¢nd exprese
* neinvazivni vizualizace

e ,neinterferuje” s bunécnymi procesy

nevyhody wtGFP

* pomalejsi proces fluorescence in vivo

e horsi funkénost pri 37°C

* renaturace fluoroforu, redukce (2-4 hodiny)
* méneé stabilni pfi nizkém pH (lysozomy)

e puvodné dvoukrokovy proces



N-Terminus

C-Terminus Aequorea victoria GFP Mutation Map

mutace GFP

* zesileni signalu

e delsi zivotnost

* posun emisniho spektra

derivaty GFP

 EGFP - enhanced green FP
e EBFP —enhaced blue FP

e ECFP - enhanced cyan FP

* EYFP —enhanced yellow FP

ECFP i o
# Trp66

satd Wt Ser65-Tyr66-Gly67
=l 3=
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Ds Red fluorescencni protein a jeho derivaty

* snaha o ziskani FP s delsi excitacni vinovou délkou
* jzolovany z koralu Discoma striata

* tetramericky protein

e vylepsSeny derivat, snizena Mr (monomer)

e dalSi mutanty — mFruits proteiny
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Ds Red fluorescencni protein a jeho derivaty

wt Ds Red: podobna struktura proteinu jako GFP

B-barel (11 antiparalelnich rfetézcl) , uvnitf a-helix s chromoforem
excitace: 558 nm

. . C-Termi Gisiciag -
emise: 583 nm N-Terminus GFP ST DsRed Derivative Mutation Map
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Ds Red fluorescencni

protein a jeho derivaty 711
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Specialni vlastnosti fluorescencnich proteinu




Zavedeni fuzniho genu do bunky ve forme plazmidu

Mikroinjekce — pfimy prenos mikrojehlou do cytoplasmy nebo jadra pomoci
mikromanipulatoru, neni vhodny pro velké mnozstvi b. linii, idealni pro
protoplasty, lze si vybirat jednotlivé b.

Lipofectaminova transfekce — jednoducha a nejcastéjsSi metoda u zivocisSnych
bunék, neni toxicky, komplex lipidi a DNA fuzuje s plasmatickou membranou,
|ze i do jadra

Precipitace fosforeCcnanem vapenatym - fosforeCnan vapenaty spolecné s DNA
precipituje, poté je fagocytovan do bunék, jednoducha metoda, ¢ast DNA i do
jadra

Elektroporace — elektricky puls vyvold tvorbu pord v plasmatické membrané,
prechod do bunky

Gene Gun —mechanicky prenos DNA vazané na kovové mikroprojektily do
bunék pomoci tlaku plynt nebo mikroexploze (napf. u rostlinnych bunék)
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Zavedeni fuzniho genu do bunky

glass

_ micropipette
containing
substance X

microinjection of
substance into cell

cell placed in substance X
between two electrodes and

subjected to a very short electric shock
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Mikroinjekce




Lipofectaminova transfekce

Lipid-Mediated Transfection in Mammalian Cells

Endocytosis

\@-“

v ¥ DNA-Lipid

NtV Complex
Ligofection Cell

eagent Membrane

Figure 8



Elektroporace
Cile:

e D. kultura he phenomenon of electroporation
« tkane

e organy
 embryo

e embryo in utero

Cell membrane

aunng puising

e Controlied, millisecond electrical pulses induce temporary pores
in the cell membrane

e Cell membrane reseals and is left unharmed




GFP exprese v rybim embryu
zebricka (Danio rerio)
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GFP transfekce ,in utero”
napt. hlodavci - mozek

Uterus exposure DNA injection Electroporation (0°%) Electroporation (90°)
hippocampus and motor cortex visual cortex




* Fluorescencni indikatory

zmena fluorescence (spektra nebo intenzity) v zavislosti na
urcité latce — prvek, pH, ROS...

lontové indikatory:

kationty:

H*, Ca%*, Lit, K*, Mg?*, Zn?*, Pb?*, ...
anionty:

Cl, PO,%, citrat, ATP...

mereni:

Zzmeéna intenzity v zavislosti na koncentraci nebo posun
emisniho spektra
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|nd|két0ry Ca2+ 39.8 pMlfree Ca* By a1

FURA-2

excitace pri dvou vl. délkach
méreni poméru 340/380nm
pri konstantni emisni
vinové délce 510nm
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CalciumGreen-5N

mereni intenzity fluorescence
pri konstantni excitacni
vinové délce 488nm

Fluorescence emission

Wavelength (nm)




kombinace indikatora Ca?*

e dva indikatory s neménici se vl. délkou emise

* jeden snizuje fluorescenci (Fura Red)

e druhy zvysuje fluorescenci (Fluo-3) v zavislosti na Ca?*

* méreni poméru fluorescence v jednotlivych emisnich maximech
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Organelové sondy - proby

oznaceni specifické membranové organely:
* mitochondrie

* Golgiho aparat

* endoplasmatické retikulum

* |ysosomy

slozeni: fluorochrom + vazebnd doména (zajistuje specificitu vazby)

e schopnost pruniku pres pl. membranu bez poskozeni
* navazani na cilovou organelu

studium: transport, bunécna respirace, mitdza, apoptoza, degradace
proteind, sekre¢ni drahy

rozdéleni: na stalé a nestalé
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Mitochondrie

e studium bunécné respirace drive Rhodamin 123 (po fixazi slabne)

* nyni MitoTracker, Mito Fluor (lze fixovat)

* JC-1indikdtor membranového potencialu - v aktivnich mitochondriich méni

emisi ze zelené na Cervenou
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Neonatalni kardiomyocyty : rhodamin123, (A) kontrola, (B) ovlivhéno
mitochondrialnim uncouplerem
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mitochondrie — bovinni endotel :
MitoTracker® Deep Red FM dye

MitoTracker® Green FM
Hoechst 33342

mitochondrie — fibroblasty norka :
Jc-1/IC-1

vysoky membranovy potencial — Cervena
nizky membranovy potencial - zelend

' ; M :£
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&
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mitochondrie/DNA - byci spermie:



Golgiho aparat
e CellLight™ Golgi-GFP , enzym specificky pro GA, fuzovany s GFP ve vektoru

e konjugované lektiny — vazba na glykosylované proteiny GA

GA a mitochondrie / DNA — linie lidské hladké svaloviny:
CellLight Golgi-GFP, ;

Bi8920 Pokrocilé mikroskopické metody - jaro 2020 - 04 / 19.3.
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Endoplasmatické retikulum
* prostupuji pfes membranu, selektivni pro ER, drive DiOC,,- neni tak specificky,
vykazuje fotodynamickou toxicitu

* nyni ER-Tracker + Blue-White, Red , Green - mensi toxicita, lze i fixovat

ER - bovinni endotel : ER-Tracker Blue-White DPX
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Lysozomy

* LysoTracker, LysoSensor obsahuji ve strukture heterocyklické dusikaté skupiny,

které napomahaji transportu do lysozomu Zivych bunék, vysoka senzitivita pro

organely s nizkym pH, moznost fixace (LysoTracker)

* pouze Zivé b. (LysoSensor) — vzrlsta intenzita fluorescence v nizkém pH

funkce jako pH indikator
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lysozémy a mitochondrie / DNA — bovinni endotel :

dihydrorhodamine 123
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BacMam Reagents

* pfipravené virové konstrukty
e baculovirus — hmyazi, aktivné neinfikuji savCi bunky, nereplikuji se

konstrukt:

1) savci promotor: zaru€uje expresi v savCich bunkach

2) funkcni cast: protein nebo peptid cileny na strukturu (cytoskelet,
organely aj.) nebo funkci (bunécény cyklus, autofagie, tok Ca?*)

3) fluorescencni protein: CFP, GFP, RFP; na C- nebo N- konci peptidu

Promoter

jednoducha aplikace
|ze sledovat v realném case o
|ze koexprimovat vice prob

|ze fixovat
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Princip metody

 vstup do b. endocytdzou
e prechod DNA do jadra

e exprese genU jen se savCim
promotorem

* virové geny se nereplikuji a
nepusobi bunéénou smrt

* realna exprese po 4-6 h
* maximum signalu 24-48 h

e vyhasnuti 4 dny az 2 tydny v
zavislosti na proliferacni
aktivite

Promoter * ; I

RFP-Actin Fusion Gene

Fluorescent protein (eg.RFP)

Cellular Lights™ staining according
to fluorescent protein fusion
partner, e.g. cytoskeletal actin

. DNA
DNA moves

to nucleus | RFP fusion
expressed




Sledovani fazi bunécného cyklu

Skp2 Cdh1

SCF

APC

late M/ G1
S/G2 late M/ G1
e FUCCI- fluorescence ubiquitination cell cycle indicator
 Geminin-GFP ->S/G2/M Cdt1 Geminin

(accumulation in G1) (accumulation in S/G2/M)

* regulace ubiquitin-ligdzami, exprimovanymi v urcitych fazich cyklu
* |ze spojit s BacMam systémem transfekce (LifeTechnologies)

L7 25 8]
e NCES A0
o L%
Oh 1h 15h

45h [ 12.5h L 15h

Sakaue-Sawano et al . Visualizing spatiotemporal dynamics of multicellular cell-cycle progression. Cell. 2008 Feb 8;132(3):487-98.



Testovani viability/cytotoxicity
meéreni podilu zivych a mrtvych bunék na zakladé rozdilnych vlastnosti

1. fluorogenni substraty esteraz
 pronikaji do bunék, zde metabolizovany - vznik aktivniho
fluoroforu
e ovéreni soudrznosti membrany — fluorofor zadrzovan v
cytoplasme
 fluoresceindiacetat (FDA), calcein AM (CAM)

2. sondy pro nukleové kyseliny

 neprostupuji pres membranu zivych bunék
e  EtBr, PI, ethidium homodimer, SYTOX Green...

|ze spolecné kombinovat
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Princip obarveni mrtvych bunék
't’ membranu neprostupujici DNA sondou

e

4

linie krysich bunék:
zivé: substrat esterazy calcein AM— zelené
mrtvé:

a Bacillus cereus:

Micrococcus luteus L
.. . , -
Zivé: zelené
-«
.‘ -
*

byci spermie :
Zivé : SYBR® 14 — zelené
mrtvé:




Annexin V + Pl: detekce bunécné smrti

Live Cell Apoptotic Cell Late-apoptotic Cell
8- —p)

AnnexinV 9
) 000090009 00

Plasma

I\ (
| e (
membrane /
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Nucleus

Annexin V Conjugates

es I Annexin V Cy5 Healthy

: Annexin V PE

Annexin V-FITC (FL1)



TUNEL: Detekce stepeni DNA v apoptoze

TUNEL: Terminal deoxynucleotidyl transferase dUTP nick
end labeling

In situ end labeling (TUNEL)
(template independent)
4 TUNEL
+ Terminal transferase
!t X-aNTP ( =) l
E ¥ DAPI
“»




FRAP — Fluorescence Recovery after Photobleaching

e studium mobility a molekularni dynamiky proteint v zivych b.

* naruseni rovhomerné fluorescence preparatu vysvicenim

(photobleaching) daného regionu

e pouziti excitacniho laseru o vyssi intenzité —trvalé poskozeni

fluoroforu

* v misteé postupné zvysovani intenzity fluorescence — presun
fluorescencnich a odbarvenych molekul

* rlzné metody v zavislosti na velikosti odbarveného regionu,
poctu odbarvovacich procesu a zpusobu analyzy fluorescence
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Princip FRAP

‘BLEACH WITH
'LASER BEAM: .

bleached area
-

OO0 O
Photobleaching Kinetic Analysis

Immobile
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Height of
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| \ Fraction
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analysis

FRAP- maly region 1x odbarveni
obnoveni signalu, informace o
mobilité molekul

FLIP — fluorescence loss in
photobleaching — opakované
odbarveni stejného regionu,
informace o propojeni mezi
rdznymi kompartmenty, studium
migrace molekul

iIFRAP (inverzni) — cely preparat
kromé 1 regionu odbarven —
postupné vymizeni fluorescence

fotoaktivace — analyza rychlych
difuznich proces(



Unbleached
- \A/Nole cell
- Bleached

Background
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FRET: Forster (Fluorescence) Resonance Energy Transfer

e studium interakce fluorescencné znacenych molekul

* méreni nanometrovych vzdalenosti a jejich zmén mezi molekulami (1-
10nm)

e 2 fluorofory: donorovy + akceptorovy

 podminky: a) prekryv emisni spektra donoru s excitacnim spektrem
akceptoru, b) vzdalenost do 10nm, c) orientace

d Spectral overlap C
FRET

NO
Donor  Acceptor Donor  Acceptor Correct orientation
emlsswn excitation emlsswn excitation

over No FRET
ver ap 405 nm
9]

b Distance <10 nm

No FRET FRET
PP 405 nm
405 .‘l_:um _ 405nm  FRET

'




Princip prenosu energie mezi fluorofory

nce (ns)

B
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Examples for common FRET Donor/Acceptor pairs:

Donor (Em.)
FITC (520 nm)
Cy3 (566 nm)
EGFP(508 nm)
CEFP (477 nm)

EGEP (508 nm)

Acceptor (Exc.)
TRITC (550 nm)
Cy5 (649 nm)
Cy3 (554 nm)

YFP (514 nm)

YEFP (514 nm)



Princip FRET
interakce receptor-ligand

Protein Acceptor-labeled
\(/-\ protein
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Donor
emission emission

TRENDS in Cell Biology




Dalsi aplikace FRET

Biomolecular Fluorescence Resonance Energy Transfer Applications

Conformational
Changes

and-Receptor Fusion of Lipid Vesicles
nteractions Figure 11




aplikace FRET
biosenzory- méreni koncentrace vapniku
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Spectral Imaging with Fluorescent Protein FRET Biosensors

Cameleon YC3.6
No Ca*?
o

Cameleon YC3.6
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Wavelength (nm)
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FRET
440 nm «,
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£ 7
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http://www.microscopyu.com/tutorials/flash/spectralimaging/fretbiosensors/index.html

Podminky pro mikroskopii zivych bunéek

Variable Optimum Range Comments

Control with Specimen Chamber Heaters
Use Inline Perfusion Heaters
Objective Lens Heaters
Environmental Control Boxes

T'E!I'I'I|]HE!I'1’IHII'1E!

Perfuse or Change Media Regularly

Oxygenation Variahle -
ygens e Use Large Chamber Volume

Closed {Sealed) Chamber
Humidity 97-100 Percent Humidified Environmental Chamber
Auto-Fill System for Open Chambers

Use HEPES Buffered Media

pH Perfuse or Change Media Regularly
No Phenol Red Indicator

Avoid Evaporation
Osmolarity 260-320 mosM Closed (Sealed) Chamber
Humidified Environmental Chamber
Use HEPES Buffered Media for Air
Closed aled) Chamber
Atmosphere Controlled Chamber

Atmosphere Air or 5-7 Percent
Psphere Carbon Dioxide
Beware of Phototoxicity

Closed and Open Chambers

Atmosphere Controlled Chamber

Bicarhonate or

ul2 0 (=G Synthetic Biological Buffers
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Mikroskopie zivych bunék

Microscope Configuration for Live-Cell Imaging

Plexiglas Transmitted
Environmental — [llumination
Chamber Lamphouse

Figure 1 |

Access Door

Oxygen
Mo‘&gule

Dioxide
Module Heating

Temperature Unit

Module Inverted

Microscope
; Framep Touch Screen Display
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Mikroskopie zivych bunék

Microscope Slide Imaging and Culture Chambers

(a) (b) (c) (d) (e)

o @




Inkubacdni (perfuzni) komurka

Heater

Advanced Live-Cell Imaging Chambers Contacts

Bioptechs FCS-2
Live-Cell

Chamber
Access
Port

Condenser
Aperture
Chamber Cover Glass
Top

Housing

Viewing Weight
Aperture

Tokai Hit INU
Stage Top
Incubator

S ecimen/
hamber
Translation
Rod

Water
Reservior

Perfusion
Exhaust
Port

Carbon
Dioxide
Gas Input

e
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Live imaging

http://www.youtube.com/watch?f
eature=endscreen&NR=1&v=Nrw
uOYhGx50
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