Bi8920 Fluorescencni mikroskopie

Princip fluorescence
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Program prednasky:

e definice a princip fluorescence
e fluorochromy
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L Viditelné” svétlo

elektromagnetické vinéni o vinové délce 400-700 nm
elementarni Castice - foton
dudlni povaha - vlnova i ¢asticova (dle metody studia)

vinova délka (A) — délka jednoho kmitu (400-700 nm)
frekvence (f) — pocet kmitt za sekundu (4-8*1014s1[Hz])
rychlost svétla (c) = konstantni ve vakuu (300.000 km*s1)

Electromagnetic Wave

plati vztahy:

Electric ...
Field (E)

- }\“ * f < gation
E — h Xk f Wavelength (A) recuon

Figure 1

Planckova konstanta h = 6,626*10734 J*s
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vinova délka — barva svétla
Spectrum of “White” Light

< Visible Wavelen ths->|
Ultraviolet I 9 Infrared
uv IR
(Invisible) (Invisible)
300nm 400nm S500nm 600nm 700nm 800nm
Figure 2
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http://olympus.magnet.fsu.edu/primer/java/wavebasics/index.html|
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LUMINISCENCE

jev pri kterém vysila latka do prostoru svétlo

déleni dle indukce

— chemiluminiscence : vyvolano chemickou reakci
napr. oxidace luciferinu luciferazou u svetlusky, ECL

)
v &

Secondary Ab-HRP

Peracid Oxidized h
ﬁ product
Protein ] Oxidized /L_>
N

form Light ‘
Prlmory Ab of enzyme
Iummol
+
% enhancer
Hybond ECL

Hyperfilm ECL
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-Fotoluminiscence

zareni je vyvolano jinym zarenim
a) fluorescence

b) fosforescence ML @
“?‘?

Absorption
fluorochrom =
fluorofor VXAVAX vAX
év

|atka schopna N\ 9

fluorescence =xcitation
excitaéni zareni VXMK
luminiscenci vyvolava LA K1

emisni zareni
vysilané latkou
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Podstata fluorescence e .
Jablonskiho diagram

ce/exciteemit/index.html

Stokes’ Observation
uv
Absorption

vyssi energetické hladiny

‘\(_\ Loss of Energy Visible

) Figure 1 o Fluorescence

O S

Excitation | Emission
- v rd 1 3
excitacni C )

emisni
zareni zareni
Absorbed light v Emitted light
, , . . S o
zakladni energeticka hladina < »
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Pribéh fluorescence

1. excitace elektront fotony ze zakladni energetické

hladiny do excitovaného stavu
trvani 101° s

2. excitovany stav

pokles na nejnizsi hladinu excitace (relaxace)
ztrata energie ve forme tepla
trvani 104 -10 s

3. emise svétla => fluorescence
trvani 107 — 102 s = doba dohasinani
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recyklace photobleaching

N Destruction
Excitation
J}"«\
P =N !
,ﬁjb “'\v'.. if
Ul ',‘:‘ -J‘
Absorption § - Emission &
% war ’ 4
\3 A &
\‘{';, 2 Absorption 'f Emission
R ".
Ground state )

) N

Ground state

Fluorescein

Fluorescein

Before Photobleaching 13 sec
http://www.olympusmicro.com/primer/java/fluorescence/photobleaching/index.html = @
> w
w 2
. v 7 . . . L+ él/
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Princip fluorescence

http://media.invitrogen.com.edgesuite.net/tuto
rials/1Intro/player.html

&
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Podstata fluorescence a fosforescence
Jablonského diagram

Jablonski Energy Diagram
Excitation Excited Singlet States

NENgIS®

(Abgorption) | Vibrational
- - rationa
0
< Internal
Con::asion 5 '} Conversion
Vibrational 3= Delayed
Relaxation S1 3 : "g Fluogence
101%. 10" sec] © . 5 Excited
RA N s Tsr{p{et
1 ate
Fluorescence o (T,) A"’"?,"&%’.;’g&',‘)’"""
(10' -10° seC) 'ntemystem
— Crossing
Intersystem fosforescence
Crossing { N%ne-lia!agtlruve
n V 4 V 4 V 4
e s e doba dohasinani
Quenching )
v~ mise Phosghorezscence 10 3 — 102 S
N%n]Ragtllatlve S, IR (10°- 10° Sec)
elaxation 1 — VERS/,,
A — Figure 1 Sea as®
Ground State 5 M
%
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Jablonského diagram- zjednoduseny
http://olympus.magnet.fsu.edu/primer/java/jablonski/lichtandcolor/index.html

Jablonského diagram
http://olympus.magnet.fsu.edu/primer/java/jablonski/jabintro/index.html
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Spin je kvantova vlastnost elementarnich castic - vnitfrni moment hybnosti castice.
Spiny Castic prispivaji k celkovému momentu hybnosti soustavy.

excitovany singletovy stav !
- elektrony obsazuji vyssi S . )
energ. hladiny 2 tripletovy stav (zakazany)
-porusuje se parovani elektron( l -méné pravdepodobny
na jednotlivych hladinach — -elektrony maji stejny spin
- spin se pri excitaci neméni
T S1
|
E T
fluorescence |
zakladni singletovy stav
—vseshny (velelktrc?ny jsou sparovany fosforescence
-maji opacny spin )
-velikost +1/2, -1/2 SO S'%
— > z
7 2
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Stokesuv posun
* V ramci relaxace v excitovanych stavech dochazi ke ztraté energie

* Energie excitujiciho svétla je vétsi nez emitovaného (E_> E_,,)

* VInova délka excitujiciho svetla je mensi nez emitovaného (A_< A_,,)

SOLUTION

OF QUININE ?

G6.G. STOKES

YELLOW=-GLASS

OF WINE
EMISSION FILTER
TRANSMITS > ¢00nm

BLUE -GLASS
IN CHURCH WINDOW

EXCITATION FILTER < 400nm

Figure 1.6. Experimental schematic for detection of the Stokes shift.

On the Change of Refrangibility of Light. By G. G.
Stokes, M.A., FR.S., Fellow of Pembroke College,
and Lucasian Professor of Mathematics in the
University of Cambridge. Phil. Trans. Royal
Society of London (1852) pp. 463-562.

Received May 11, — Read May 27, 1852. Si r G -G . Sto kes
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Absorbcni (excitacni ) spektrum
zavislost intenzity fluorescence na excitacni vinové délce
(méreno pfi konstatni emisni vinové délce)

Emisni spektrum

zavislost intenzity fluorescence na vinové délce pri
konstantni vinové délce excitace

Absorption and Emission Spectra with Overlap Profile

(a) Absorption
Spectrum

(b) Emission
Spectrum

. Figure 1

Relative Intensity

<+ UV Wavelength Wavelength
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e obé spektra maji své maxima

e excitaCni maximum

* emisni maximum

e vzdalenost mezi nimi — Stokestv posun

Excitation maximum Emission maximum

*
—b

500 600
i JERS
Wavelength of light (nm) & "“lp,
: M :
w Z
. . . .. A g
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Emisni spektrum urcitého fluorochromu

* je nezavislé na vinové délce excitace

* emise z nejnizsiho excitovaného stavu (S,)

* meéni se pouze intenzita fluorescence

* intenzita emisniho spektra odpovida amplitudé excitace

Jablonski Energy Diagram

Excitation Excited Singlet States
< ; S (Absorption) s P 0
= Excitation Emission | ‘@ 107" Seconds ¢ 2 3 Energy States
(U (7)) —_ 2 1 -
- spectrum  gx 1 EM1 Spectrum s H
S - Internal 9 Internal
> ) Conversion ) Conversion
@ and = = Delayed
@ Vibrational PR f )y Fluorescence
8 O Relaxation 11 et b ) o=y
& g (1074, 10711 Sec) O o et =" Excited
o) O s ——? Ts"tP{et
8 8 Fluorescence :, (T. )e
o - (10°- 107 Sec) Intersystem !
5 g iy Crossing
= ™ Int: t
T u nc%s&?negm Non-Radiative
- Relaxation
: (Triplet)
T L L . . e Quenching 4
A hosphorescence
Wavelength s 3. 402
9 Non-Radiative g 35 (49°-10"80)
Relaxation 01 ?
s 0 Figure 1

Ground State

Figure 2. Excitation of a fluorophore at three different wavelengths

(EX 1, EX 2, EX 3) does not change the emission profile but does produce
variations in fluorescence emission intensity (EM 1, EM 2, EM 3) that
correspond to the amplitude of the excitation spectrum.
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Symetrie mezi absorpcnim a emisnim spektrem

* struktura vibracnich hladin zakladniho i excitovanych stavu je
stejna

* absorpce (excitace) a emise do odpovidajicich hladin nastava
se stejnou pravdépodobnosti

e absorpcni a emisni spektra zrcadlové symetricka

Electronic Absorption and Emission Bands
Photon Energy (Electron-Volts)

<>

3.1 2.5 21 Excited
100 5 : - : = State
i =1 [~Vibrational
3 Energy
80 Levels
2
2
g 0 Excited
£ State
g Electronic
s 40 Transistions
E | ¥
20 Ground
State
Vibrational
(1] Energy
33.3 25.0 20.0 16.7 143 Levels Q@\IERS@,
Wavenumber (cm™* x 107) Figure 3 2
%
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Excitacni a emisni spektrum

http://media.invitrogen.com.edgesuite.net/tutorials
/2Spectra/player.html

ERS
SNEZ,
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Molarni extinkéni koeficient
(molarni absorptivita)

* vyjadruje miru schopnosti latky absorbovat svétlo

Lambert-Beer(v zakon
A=¢g-C-|

e A -—absorbance (bez jednotek)

» £—moldrni extinkéni koeficient (I-mol-t-cm)
 ¢c—molarni koncentrace (mol-I-1)

e |—draha(cm)

>

LSV
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Kvantovy vytézek fluorescence
(Qantum Yield = QY)

QY = pocet emitovanych fotond

pocCet absorbovanych foton(

vyjadruje miru schopnosti excitacniho vinéni
vyvolat fluorescenci

maximalné = 1 (teoreticky; energetické ztraty)
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Standardy pro urceni kvantového
vytézku fluorescence

Quantum Yield [0.Y.]
Standards

C",’ 3

CySs

Cresyl Violet

Fluorescein

POPOP

Quinine Sulfate

Rhodamine 101

Rhodamine 6G

Rhodamine B

Tryptophan

L-Tyrosine

0.Y.[%]

Conditions for Q.Y. Measurement

PBS

PBS

Methanol

0.1 M NaOH, 22°C

Cyclohexane

0.1 M H2S804, 22°C

Ethanol

Water

Water

Water, 20°C

Excitation [nm]

540
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fluorochrom = fluorofor

latka schopna fluorescence

» (casto obsahuje polycyklické nenasycené slouceniny a atomy
(s vice elektrony — napf. P, S)

e Cim vice benzenovych jader, tim vice roste absopcni

maximum
benzen naftalen antracen tetracen pentacen
262 nm 272 nm 375nm 475nm 580nm
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Skupiny fluorofort

Vlastni (vnitrni) fluorescence

Prirozené se vyskytujici fluorofory
aminokyseliny, kofaktory enzymu, chlorofyl,
green fluorescent protein..

Nevlastni (vnéjsi) fluorescence

Prima vazba fluorochromu na molekuly nebo bunécné
struktury - sondy

DNA, bunécna sténa, plazmatickd membrana...
mitochondrialni aktivita - respiracni vzplanuti, pH indikatory,
membranovy potencial..

Neprima vazba fluorochromu — znacky
navazani na imunoglobulin (protilatku) nebo usek nukleové
kyseliny, phalloidin..
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Prirozené se vyskytuj

ici fluorofory - aminokyseliny

NH2
|
i CHy;—CH
“ |
| COOH
H

Tryptophan

hlavni zdroj fluorescence proteint v UV spektru

-indolova skupina Trp

Ho-@cnz—cn
|

NH2

COOH

Tyrosine

’ . o
Trp v sekvencich jen 1%
. I 4 v 7 7
metabolicky narocna syntéza
Table 2: fluorescent properties of some amino acids
Excitation Emission
Lifetime
amino acid Molar
(Nanoseconds) |Wavelength Wavelength | Quantum yield
absorptivity
Tryptophan 2.6 280 5,600 348 0.20
Tyrosine 3.6 274 1,400 303 0.14
Phenylalanine! 6.4 257 200 282 0.04

FLUORESCENCE INTENSITY

1.0

Phenylalanine

0.5}

A 1
300 350
WAVELENGTH (nm)
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Prirozené se vyskytujici fluorofory - kofaktory

h‘CONHz
o F
i N
“0~P—0~CH,
(o)
HH
H H
H= C=OH
HO OH |
o u-cl:- OM
NH, T NH)
H=C=H N
Ci ! LD
Cl’ ‘.’ NN
"0 =P =0=CHj O-!;-O-F"-O-Cﬂz
g (o) (o) (o) o
HH H
R e H H
HO OR HO OH

Nikotinamid adenin Flavin adenin

<>

O/VENS\S'

dinukleotid (NADH) dinukleotid (FAD) SNERSIZ,
]
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Prirozené se vyskytujici fluorofory - kofaktory

1.0
e NAD™* neni fluorescencni

* fluorochrom = redukovany
nikotinamidovy ring

e
o

DP ADP
RibclJ/A Ribo””
+
| N\ Reduction | N | 10F
— .
P @) ‘_. ] O
Oxidation
H NH, H H NH,

ABSORPTION or FLUORESCENCE
wn o
1

NAD'+ H +2e- ——> NADH

0300 l 460 - 560 600
WAVELENGTH (nm)
Qé\\IERSICI&
1)
e g
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Prirozené se vyskytujici fluorofory — chlorofyl

e porfyrinové jadro + Mg

CH,

™

LN
N

HC

C Nﬁ'

. "\ Chilorophyll (Chi)

>—on g
He I $
’H'J\/K/\/
7 \ |
HC N \ {
| A AL
b, W5 Yo Chlal{= —CH,
P4
O=c o’ Yo —~H
Chib = —C
(l) CM, %O
CH,
i
CH CN‘. CH' cn.‘ ‘c".‘ ,c!‘.' C”l ,c".'.

% 7 N S T 4V
e’ N Nl N, N N, ek
: § 2

H CH,

2

/c"’
Sv M,

CH,
/

CH,

104 *°
— Chl A
3 450 Chib
® 08 - e Chl a+b
(&)
=
g 4
8 0.6 - 660
i |
<C
0.4 640
R
e 4
E02
O
2 LA
0.0 - i

500 600 700

Wavelength [nm]

400

Stokesuv posun az 200nm
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Prirozené se vyskytujici fluorofory — chlorofyl

vyuziti:

* hodnoceni vyskytu fytoplanktonu ve vodé
e studium fotosyntézy

» fyziologicky stav rostlin - stres

Bi8920 Fluorescencni mikroskopie - jaro 2018 - 01 / 28.2.




Nevlastni (vnéjsi) fluorescence

Nepiima vazba fluorochromu — ZNACKY

znacky jsou vazany k molekulam (proteiny, peptidy,
oligonukleotidy..) kovalentni vazbou

proteiny —vazba na aminové (NH,-), thiolové (SH-) skupiny
nebo histidinové retézce

pozadavky

* vysoka intenzita fluorescence

e stabilita pri ozarovani

 minimalni vliv na biologické vlastnosti vzorku
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Rhodaminy

* historicky nejpouzivanéjsi fluorescencni znacky
e prevazneé na protilatky

» ve formé derivatu

* vysoky kvantovy vytézek 0,3-0,8

* photobleaching

tetramethylrhodamine isothiocyanate (TRITC)
ex.—541nm, em.—-572nm

+
(CH3),N N(CH,),

Jeeq
COO

s=C=N
TRITC
O\A\\]ERS]@?J:
@ g
Bi8920 Fluorescencni mikroskopie - jaro 2018 - 01 / 28.2. /%r,“‘ \,\\,&5



Fluorescein isothiocyanate (FITC)

(o) (@)
eX.-495 nm, em.-521 nm \ @
@ COOH

N=C=S

OH

FITC

Chicago river
St. Patrick's Day

fluorescein
.Qé\\IERSIr‘I&.
g 2
> z
v <
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Cy znacky (Cyanine dyes)

e zastupci Cy2, Cy3, Cy3.5, Cy5, Cy5.5, Cy7

e (Castecné nasycené heterocykly + dalsi aromaticka jadra
* ex.aem. spektra podobna klasickym fluoroforum

» kratsi Stokestv posun (~30nm)
* fotostabilni
e vyssi kvantovy vytézek
Structure and Spectral Profiles of Cyanine Fluorochromes
2100

80

R ¢y R

¢
“

'-.
[« 2K+ (- 3X- ]
R B

R Cyx.s
Derivatives 450

Figure

“
C
)
“
Relative Absorption and Intens

o @

550 650
Wavelength (Nanometers)

[+2]

Absorption
Spectra
Cyl =

Cyls=
Cys <

Cy5.6 <=
Emission
Spectra
Cy3 <

Cyls<
Cys <=

Cys.6 <=
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Alexa Fluor Synthetic Fluorochromes

>
Alexa Fluor Dyes (Molecular Probes) ity te |, Aergfuor ‘:z:‘:i:‘
* sulfonovany derivat rhodaminu %9 % 0 A

vvs 4 sgww ,y e *e®e? ® . %%*e%e 5 %’%."‘(C)
« vys$si kvantovy vytéZek ~ svitivost o 4,0 8 % oA, 33 .':3“
« zesilena fotostabilita (\ photobleaching) @ (@ @ Alexsfiuor ) R
* pH stabilita > S @ N  H

v . ®0 ¢ C

* dlouhodobé stabilni
e vyuziti — Zivé bunky, tkanoveé rezy, fixované preparaty
* velky vybér rozsahu ex. a em. maxim
* od UV po near-infrared oblast

e oznaceni podle vinové délky zdroje excitacniho zareni

1. Alexa Fiuor* 350
2. Nexa Fiuor* 405
3. Aexa Fiuor* 430
4. Nexa Fiyor* 488
5. Alexa Fiuor* 500
6. Aexa Fluor* 514
7. Nexa Fiyor* 532
8. Aexa Fiyor* 546
9. Aexa Fluor* 555
10. Alexa Fiuor* 568
11. Nexa Fiyor* 594
12. Nexa Fiyor* 610
13 Aexa Fiuor* 633
14. Aexa Fiuor* 635
15. Nexa Fiyor* 647
16. Aexa Fiyor* 660
17. Nexa Fiuor* 680

- . 18. Alexa Fiyor* 700
400 o 650 19. Alexa Fluor* 750 Qg\\‘JERSIQ&

20 Aexa Fiyor* 790 .

) VWNR2BUES 61

Fluorescence emission

Wavelength (nm)

%‘JSVW
4
VENSIS®
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Fotostabilita fluorochrom?

» kazdy fluorofor podléha vysviceni v prubéhu souvislého
osvétleni

* ve FM silna intenzita dopadajiciho zareni

* nejstabilnéjsi — znacky Alexa

* neni znam princip predpovédi stability dle struktury

100

80

60

40

© Alexa Fluor 488

® Oregon Green 514
20F A Bodipy FL

0 Oregon Green

® Fluorescein
A A1 L

0 10 20 30 40 50 60
TIME (s)

FLUORESCENCE (% of initial)

o
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Quantum dots

* fluorofory (znacky) = po absorbci fotonU emituji svétlo o vétsi vinové
délce

* anorganické nanokrystaly

* velikost 10-20nm (GFP 4,2 x 2,4 nm)

slozeni:
jadro: nékolik 100x-1000x molekul

polovodicového materialu (Cd, Se, Te)

obal: polovodic (ZnS), stabilizuje jadro,

zlepsuje optické a fyzikalni vlastnosti Core

plast: amfifilni polymer, umoznuje vazbu Shell
dalSich molekul Polymer
coating
vnéjsi plast: polyethylene glycol (PEG) — Blomolectle
" . Siz,
snizuje nespecifickou vazbu - M"“}n
> z
&
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Quantum dots

Vlastnosti:

* vlnova délka emise zavisi na velikosti Castice

* umoznuji vicebarevnou detekci jednim excitacnim zdrojem

moznost konjugace s primarnimi i sekundarnimi protilatkami nebo

streptavidinem

vice molekul IgG na jednu castici

* vyssi jas nez klasické fluorofory

nasobné vyssi stabilita

velky Stokesuv shift

Bi8920 Fluorescencni mikroskopie - jaro 2018 - 01 / 28.2.




Quantum dots

* vazba na protilatku — srovnani s ,klasickym® konjugatem

Organic dye-labeled
Antibody-QD conjugate antibody
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Nevlastni (vnéjsi) fluorescence

Prima vazba fluorochromu na molekuly nebo bunécné
struktury — SONDY

e ke strukture se vazi nekovalentné
 po vazbeé c¢asto méni fluorescencni vlastnosti
 zesileni fluorescence

néjcastéjsi pouziti

* bunécné membrany

* nukleové kyseliny

* bunécna sténa (calcofluor, primulin)

* Fluorescencni indikatory
zmeéna fluorescence (spektra nebo intenzity) v zavislosti na

urcité latce — prvek, pH, ROS... SR
N Z
% g

y Q
/r/ ANA \’&
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Mebranové fluorescencni sondy

* membrany nejsou samy o sobé fluorescencni
e vazba sond na nepolarni uhlovodikové retézce MK

 studium  -transportu pres membranu
- transport lipidU v bunikach
- prenos signall zprostredkovany lipidy
- interakce |1éCiv s membranou
* rozdéleni
a) fluorescencni analogy prirozenych lipidu

a) malé amfifilni a lipofilni organické fluorofory
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Mebranové fluorescencni sondy

Priklady a umisténi fluorescencnich lipidovych sond v membrané

bis-pyren-PC NBD-C,-HPC DPH SOz

g %

3 g

Bi8920 Fluorescencni mikroskopie - jaro 2018 - 01 / 28.2. %, §

ZANA S



Maijor groove

Minor groove

Intercalator ——

Major groove binder

External binder

pre—
-==
Bis-intercalator

Fluorescencni sondy pro nukleové kyseliny

nukleotidy ani NK nemaji schopnost fluorescence
vazba sond na rlizna mista

Minor groove bindef —————

ethidium bromide

Hoechst 33258
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e interkalacni sondy - ethidium bromide, propidium iodide,
7-AAD (aminoactinomycin D)

e vazba do malého Zlabku — DAPI, Hoechst dyes (33342, 33258)

e ostatni — akridinova oranz (DNA) akridinova oranZz (RNA)

§ \ | A/ Normalizovana fluorescencni
€ emisni spektra DNA sond
o 1) Hoechst 33258 (~DAPI)
g 2) acridine orange
§ 3) ethidium bromide
T 4) 7-aminoactinomycin D
400 500 600 700

Wavelength (nm)
S

\A‘dSVW

2
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Fluorescencni sondy pro nukleové kyseliny

fluorofor

Akridinova oranz

(DNA)

Akridinova oranz
((RNA)

Ethidium bromid

Propidium jodid
DAPI

Hoechst 33342

500

=

358 461
461

pouziti

prostupuje; RNA/DNA; priitokova cytometrie

neprostupuje; vimezerovani do dsDNA; barveni mrtvych
buneék; elektroforéza; pritokova cytometrie; ...
neprostupuje; barveni mrtvych bunék

¢astecné prostupuje; bunéény cyklus; AT-selektivni; .

prostupuje; AT-selektivni; selektivni vazba k dsDNA,
bunecny cyklus; .
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cyaninové sondy (Molecular Probes)

* nizka vnitrni fluorescence (QY=0,01) bez vazby na NK
* po vazbé na NK 1000x zvysena intenzita (QY=0,9)

e vysoka afinita pro NK

* minimalni vazba na ostatni biopolymery

e Siroky rozsah emisnich maxim

e déleni dle propustnosti pl. membrany
* neprostupujici: TOTO family, TO-PRO family, SYTOX
e prostupujici : SYTO (RNA i DNA specificita)
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' POPO-1
BOBO-1
YOYO-1
TOTO-1

\ JOJO-1
POPO-3

LOLO-1

\‘, BOBO-3

\ YOYO-3
\ TOTO-3

400 500 600 ‘ 760 800 linie MRC-S, RNA
Wavelength (nm)
SYTO® RNASelect™

Fluorescence emission

emisni spektra skupiny TOTO

smeés zivych a mrtvych bakterii, lidsky neutrofil, DNA, SRSz,
DNA, SYTOX® Blue SYTO® 13 g k
%

ONENS\S'
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