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Typicke fluorofory

* Fluoroforom nazyvame latku schopnu
absorbovat a emitovat svetlo.

* Molekuly obsahujuce konjugované mt elektrony
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o -0 malokedy vedu ku luminiscencii. Velmi vysoka energia (A<250nm)
vedie zvacsa ku disociacii molekul
Emisie su najcastejSie pre prechody -1, niekedy aj it"-n



Interakcia foténov a atomov:

 Absorpcia

moZe nastat, ked sa fotdn zrazi s atdbmom alebo molekulou, pricom odovzda

svoju energiu, atom/molekula sa presunie na vysSiu energeticki Uroven, kde

mozZe zostat urcity, ale obmedzeny ¢as (Zivotnost excitovaného
atdmu/molekuly)

 Emisia

Ked' sa excitovany atom/molekula vrati na svoju povodnu energetickd hladinu,

dojde k predaniu rozdielovej energie bud’ Ziarenim (radiac¢ny prechod), alebo vo

forme tepla (neradiacny prechod).

* Molekula sa do excitovaného stavu moze dostat fyzikalnymi procesmi (napr.
absorbcia svetla), mechanickymi procesmi (napr. trenim), alebo chemickymi
procesmi (napr. chemické reakcie)

* Prijatim tejto energie sa atomy alebo molekuly dostavaju do menej
stabilnich energetickych stavov a prebytocnej energie sa zbavuju vyziarenim
fotonu.

* Luminiscenciou nazyvame emisiu svetla atdmu, alebo molekuly, ktora sa
odohrava z excitovaného do zakladného stavu elektronu

* Luminiscencia sa formalne deli na fluorescenciu a fosforescenciu v zavislosti
na charaktere elektronového excitovaného stavu.



Druhy elektromagnetického
ziarenia

 Monochromatické & E

Ziarenie obsahuje "jednu" vlnova dizku (lepsie vel'mi

blizke vlnové dlzky); je mozné ziskat z polychromneho

ziarenie pomocou monochromaétora (filter, hranol, —>
mrieZzka). M M /\:r.":;:.
« Polychromatické

I
Ziarenie obsahuje rozne vlnové dlzky a nemdze byt Kmitova rovina Polarizaéni rovina
koherentné (ziarovka, slnko).

* Koherentné

Ziarenie vychadza z jedného zdroja a zachovava si
rovnaku vlnovua dizku, fazu a amplitidu na uréita

vzdialenost alebo po uréitt dobu (laser). e AW
, ZAROVEA LASER
e Nekoherentné

Ziarenie pochadza z jedného zdroja, ale nezachovava
si svoj koherentny charakter ("rozchadza sa"). :




Foton — zakladneé vztahy

Elektromagnetické spektrum
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Viditel’'né svetlo

Svetelné Ziarenie s vinovou dizkou A = 400 - 800 nm.
Je absorbované a emitované elektronmi v atbmoch a molekuléach, ked e- prechadzaja
medzi energetickymi hladinami.

Barva Vinova délka Frekvence

cervena ~625az740nm  ~480az405THz
oranzova 59012625 mm | F510/2 480 THz

Zluta ~565az590nm ~530az510 THz

zelena  ~520az565nm  ~580az530 THz
azurova ~500az520nm  ~ 600 az 580 THz
modra
fialova_



Absorpcia zZiarenia

Interakcia latky X (atdm, molekula) so Ziarenim
vhodnej energie E (v zavislosti od poctu hladin latka
absorbuje pri roznych A):

X+ hv > X*

Usporiadana mnoZina vinovych diZok, ktoré latka
absorbuje, sa nazyva absorpcné spektrum.
Absorbované A su charakteristické pre urcitu latku
— latku je moZné identifikovat alebo posudit jej
Strukturu (kvalitativna analyza).

Miera absorpcie, t. j. mnozstvo absorbovaného
Ziarenia, je vyjadrena absorbanciou - A (kvantitativna
analyza)

V spektrach sa prejavia iba prechody povolené
vyberovymi pravidlami.

Energy

E3 I
-
V' . -
he
A= E,—E, A= he
T E,E,
El

Electronicenergy levels

.
>

Absorption

400

500 600
Wavelength [nm]

700

.
>



Odvodenie Lambert-Beerova

zakona

1. Transmitance a délka absorbujiciho

prostiredi: zakon Bouguer-Lambert
— — o —konst. x délka absorb. prostredi
T=0/0, =¢ X P !
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2. Transmitance a koncentrace:
zakon Beeruv
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Transmitance
T=(D/D,); (®/P,)x100 (%)

Odvozeni Lambert-Beerova

zakona

Absorbance

@, dopadajici zaireni,® propusténé zarent (zairivy tok)

[0

dod = &- P,
-dd = k-dd
-' -4/ = k-dl
LEmEe
kjdl —_nxj-;_x_ Inx - lnx:
In(dbolrb) K=¢ -C

£, Je molarnl absorpcnl koeficient pfi A
c je koncentrace

Bouguer-Lambert-Beeruv zakon

A =log(®,/®)=-logT;0s A<o A=-logT =-log(®/d,)=log(®,/P)

A=e.l.c;05A =<

E = e)(p(gQL .-
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O/D, P=P, e’
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4 (I)/(DO q>=q>OeE|C

lim®=0

c—<, c=konst.
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Limitace Lambert-Beerova
zakona

*  Odchylka &, pri vysokych koncentracich (>10-2 mol/1)
vlivem elektrostatickych interakeci

A

»  Casteény rozptyl svétla na ¢asticich pritomnych ve
vzorku A

*  Fluorescence nebo fosforescence vzorku

«  Nedokonale monochromatické zareni

«  Nekoherentni svételné zareni

Nejpresnéjsi vysledky jsou ziskavany v rozsahu
absorbanci 0,2-0,7!

Od hodnot absorbance > 0,7 vyrazné narusta
chyba méreni!

Bouguer-Lambert-Beeruv zakon

A=¢e.l.c;05A<x

c [mol/1]
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UV-VIS spektrofotometrie

A R E dvoupaprskové

I
| f’, —— . jednopaprskové

100

zdroj monochromator vzorek  detektor
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EL
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g
Zdroje zareni Monochromator *uv
Xe lampa (200 — 1 000 nm) Hranol

H,, D, vybojka (160 — 380 nm) Mrizka
W, W-X zarovka (320 — 2 400 nm) Filtry
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Optickeé analytické metody

UV-VIS spektrofotometrie
Pristroje
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Optickeé analytické metody

UV-VIS spektrofotometrie v Biofyzikalni chemii
Stanovovani koncentrace biologickych latek

TYROSIN PHENYLALANIN Tryptophan
o)

!:11H1E'NEDE

Peptidova vazba, A = 200 — 215 nm

Aromatické AK, A = 280 nm

Zakalené roztoky bilkovin, A =280 nma A =330 nm, A = A5, — A,,,
DNA,A=260nm,neboA=260nmai=280nm,A=A,.,/ Az,
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Optickeé analytické metody

Fluorescence
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Pauliho vylucovaci
princip

Princip kvantové mechaniky,
ktery rika, Ze Zadné dva elektrony
v atomu nemohou byt ve stejném
kvantovém stavu.

V roce 1925 formuloval fyzik
Wolfgang Pauli.

N

Singletovy Singletovy Tripletovy
zakladni excitovany excitovany
stav stav stav
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Objav Fluorescencie

XXX, On the Charge of Refrangibilety of Light. By G. G. Stores, WA, F.ILE,
Fellne of Pembroke Colfege, and Lucasion Professor of Madhemofics in ihe

{.-'iu'n-r.:.irf -II.I'- f'n:.r.rrln"Jrfr.l'E_rr_
Becxived Mar 11, —Resd Moy 27, 1852,

1. THE following researches originated in o consideration of the very remarkable
phenomenon discoversd by Sin Joax Herscwws tn o solution of sulplate of quinine,
and deseribed by bim in two papers printed inthe Philogopbical Transactions for 1845,
|-|'|liI|1-|t "I:.II il s ol ."v:|||'-|'r|"iriu| sl e .lrrul'uln:l ||:.' 1l |]-:|||||||:_;1-||||'“||;|. I',-'|r|_1:|I||
internally colourless,” and * On the Epipolic Dispersion of Light" ‘The solution of
quining, thoagh it appears to be perfectly trunsparent and colourdess, like water,
when viewed by transmitted light, exhibits neverthelsss in certain aspects, and ander
gertain ineidences of the light, a beaotifol celestial blue solowr, It appears feom the
experiments of Sir Joms Hensenew that the blue colour comes only from a stratom of
flaid of small hut finite thickoess adjacent 1o the sarface by which the light enters.

* | confess I do not like this term. I am almost inclined to coin a word, and call the appearance fluorescence,
from fluor-spar, as the analogous term opalescence is derived from the name of & mineral,

Fluorescenciou nazyvame jav pri ktorom je svetlo emitované atdbmom alebo molekulou po
ohranic¢enej dobe nasledujucej po absorpcii elektromagnetického Ziarenia



-1 SOLUTION
.. OF QUININE
xﬁf‘a‘f&x 5.G. STOKES
= YELLOW-GLASS
OF WIME

EMISSION FILTER
TRANSMITS = 400nm

BLUE -GLASS
IN CHURCH WINDOW

EXCITATION FILTER = &00inm

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



Energetické hladiny v molekule

En,v,JzEn-I-Ev-I-EJ

E -elektronova energia
E,-vibracna energia
E,-rotacna energia

Kvalitativne porovnanie jednotlivych
energetickych komponent:
E (UV-VIS) >> E, (IR) >> E,(MW)



Co uréuje tvar absorbéného spektra?

Frank-Condonov princip:

Vertikalne prechody elektrénu, ktoré
sa odohravaju na omnoho rychlejsej
casovej Skale ako pohyb jadier atdmov.
Pravdepodobnost prechodu zavisi od
prekryvu vibraénych vinovych funkcii

Absorbcia 101°s

Vibracie atomov 1012s-101%s
Termalna relaxacia 101°s-101%s
Fluorescen¢na emisia 107s
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Waleur, B. (2002) Molecular Fluorescence,
Wiley-VCH, Ch. 2 Pg 32



Typické charakteristiky
fluorescencnych spektier

Stoksov posun
Nezavislost emisného spektra

Quinine Absorption and Emission Spectra
Wavelength |Nanomelers)

100
na excitaénej vinovej dizke B
Excitacné spektrum “rozumne sa ,%
spravajucich molekul” je prakticky E“
totozné s absorbcnym spektrom Se0
Emisné spektrum je vo vacsine §m
-
i

pripadoch takmer zrkadlovym
obrazom absorb¢éného/excitachého
spektra

L=

300
L
Figure 4
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Kasha’s Rule

Excited

Excitation ';;7’

Ground

State (S,) Fluorescence

&1935 CHF



Jablonského diagram
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Pauliho vylucovaci
princip

Princip kvantové mechaniky,
ktery 1ika, Ze zadné dva elektrony
v atomu nemohou byt ve stejném
kvantovém stavu.

V roce 1925 formuloval fyzik
Wolfgang Pauli.

I S
[

Singletovy Singletovy Tripletovy
zékladni excitovany excitovany
stav stav stav



Kvantovy vytazok

b —

pocCet emitovanych fotonov

pocCet absorbovanych fotonov

$ i

Tk kg kg ko kg kg

k; = fluorescencna rychlostna konstanta

k. = medzi-systémova vymenna rychlostna
konstanta

k.. = rychlostnd konstanta externej
konverzie

k,. = rychlostna konstanta internej
konverzie

k,q = predisociacna rychlostna konstanta

k4 = disociacna rychlostna konstanta



Fluorescencny spektrofotometer

Excitation Sample
Source == \onochromator Cell

Slits

Emission
Monochromator

l

Recorder |l«— Amplifier |«— Detector




Fluorescencny mikroskop

ocular

1 '

——]

-

I/ | b

objective




Fluorescence microscopy

Subcellular fluorescence imaging

— Combined with recombinantly-expressed
fluorophores (GFP, etc.—Roger Tsien) has
revolutionized biology.

T
Peltier-Cooled [l Fluorescence Microscope

Arc-Discharge
Lamphouse

Ev?rtlcai
scopic
Illﬁjmlngtm:"——

Flllero_lptica -
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Breathshield —
(UV Shield)

i
e

2,

| Control

= Tungsten
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Base—\j,’:»ﬂl’ .
Transmitted

Light Filters

http://micro.magnet.fsu.edu/primer/techniques/fluorescence/anatomy/fluoromicroanatomy.html
http://www.rp-photonics.com/img/kahn_fl_image.jpg



Forsterov Rezonancny Transfer Energie
(FRET)
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Efektivnost FRET
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Forsterov polomer (R,) hodnota v angstromoch (A) reprezentuje hodnotu vzdialenosti pre ktord ma FRET
efektivnost 50%. Pre vela parov dostupnych fluoroforov (hlavne komerénych) su tieto hodnoty
dostupné. Napr.

https://www.thermofisher.com/cz/en/home/references/molecular-probes-the-handbook/tables/r0-values-for-some-alexa-fluor-dyes.html

Acceptor

Alexa Fluor Alexa Fluor Alexa Fluor Alexa Fluor Alexa Fluor Alexa Fluor

Donor 488 546 555 568 594 647
Alexa Fluor 50

350

Alexa Fluor NA 64 70 62 60 56

488

Alexa Fluor NA 70 71 74

546

Alexa Fluor NA 47 51

555

Alexa Fluor NA 82

568

Alexa Fluor NA 85

594

Alexa Fluor NA
647

Priklad: Vypocitajte efektivnost FRETu medzi AF488 a AF647 pre ich vzdialenost 5 nm ked'
viete, Ze ich preferovand vzajomna orientacia je charakterizovana k?=0.5.


https://www.thermofisher.com/cz/en/home/references/molecular-probes-the-handbook/tables/r0-values-for-some-alexa-fluor-dyes.html
https://www.thermofisher.com/cz/en/home/references/molecular-probes-the-handbook/tables/r0-values-for-some-alexa-fluor-dyes.html
https://www.thermofisher.com/cz/en/home/references/molecular-probes-the-handbook/tables/r0-values-for-some-alexa-fluor-dyes.html
https://www.thermofisher.com/cz/en/home/references/molecular-probes-the-handbook/tables/r0-values-for-some-alexa-fluor-dyes.html
https://www.thermofisher.com/cz/en/home/references/molecular-probes-the-handbook/tables/r0-values-for-some-alexa-fluor-dyes.html
https://www.thermofisher.com/cz/en/home/references/molecular-probes-the-handbook/tables/r0-values-for-some-alexa-fluor-dyes.html
https://www.thermofisher.com/cz/en/home/references/molecular-probes-the-handbook/tables/r0-values-for-some-alexa-fluor-dyes.html
https://www.thermofisher.com/cz/en/home/references/molecular-probes-the-handbook/tables/r0-values-for-some-alexa-fluor-dyes.html
https://www.thermofisher.com/cz/en/home/references/molecular-probes-the-handbook/tables/r0-values-for-some-alexa-fluor-dyes.html
https://www.thermofisher.com/cz/en/home/references/molecular-probes-the-handbook/tables/r0-values-for-some-alexa-fluor-dyes.html
https://www.thermofisher.com/cz/en/home/references/molecular-probes-the-handbook/tables/r0-values-for-some-alexa-fluor-dyes.html
https://www.thermofisher.com/cz/en/home/references/molecular-probes-the-handbook/tables/r0-values-for-some-alexa-fluor-dyes.html
https://www.thermofisher.com/cz/en/home/references/molecular-probes-the-handbook/tables/r0-values-for-some-alexa-fluor-dyes.html
https://www.thermofisher.com/cz/en/home/references/molecular-probes-the-handbook/tables/r0-values-for-some-alexa-fluor-dyes.html
https://www.thermofisher.com/cz/en/home/references/molecular-probes-the-handbook/tables/r0-values-for-some-alexa-fluor-dyes.html
https://www.thermofisher.com/cz/en/home/references/molecular-probes-the-handbook/tables/r0-values-for-some-alexa-fluor-dyes.html
https://www.thermofisher.com/cz/en/home/references/molecular-probes-the-handbook/tables/r0-values-for-some-alexa-fluor-dyes.html
https://www.thermofisher.com/cz/en/home/references/molecular-probes-the-handbook/tables/r0-values-for-some-alexa-fluor-dyes.html
https://www.thermofisher.com/cz/en/home/references/molecular-probes-the-handbook/tables/r0-values-for-some-alexa-fluor-dyes.html
https://www.thermofisher.com/cz/en/home/references/molecular-probes-the-handbook/tables/r0-values-for-some-alexa-fluor-dyes.html

MD simulacie Hanky Zigovej

Alexa 488 Fx

Alexa 64

4 Alexa 488

Alexa 594
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Monitorovanie skladania proteinov
In VIvo

CFP FRET

Excitation Excitation
Emission J.]‘rl Emission

YFP-ApoE3-CFP

YFP-ApoE4-CFP




Fluorescencna anizotropia
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Viazanie ligandu do receptoru

tumbling
e I: .Ihl:ﬂ /' % %’ I I Iﬁgn?;;ﬁéﬁm
@~ e
m:::d o a fillers

@*—zmm.
=l o ™=

Elwlmhlg



Praktické vyhody v porovnani s inymi
experimentalnymi technikami

 velmi vysoka citlivost
= nizke naroky na mnozstvo meranej vzorky

2 moznost quantifikovat silné interakcie
charakterizovné nizkou hodnotou
disociachej konstanty

* relativne nizka financna naroc¢nost na pripravu
vzorky ako aj meranie na fluorimeteri

» Specifické znadenie fluorescenénou farbic¢kou
dost ¢asto netrividlne



Daldie ¢itanie

* Lakowicz, J. R. (2006) Principles of

Fluorescence Spectroscopy

http://xibalba.lcg.unam.mx/~rgalindo/bioguimica/BQPosgrado2
011/V
PurificacionEspeectroscopia/PrinciplesofFluorescenceSpectrosco

py3rd.pdf)
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