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Luminiscencni spektroskopie
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Luminiscencni spektroskopie

Fluorescencni spektroskopie
Fosforescencni spektroskopie
Chemiluminiscenéni spektroskopie




Excitace a emise

Zakladni pojmy

Interakce s rozpoustédlem

Singletovy excitovany stav
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Zéakladni pojmy

Stockesliv posun — ztraty energie po dobu excitovan¢ho stavu
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Fluorescence excitation

Zéakladni pojmy
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Zéakladni pojmy
Excitovany stav — stiedni doba zivota 10-7 — 10 s.

7-hydroxykumarin

HO v NoH HO" 7~ " OH
+

pKa =74 pKa =-4.0 pKa=0,4 pKa=0,4




Zakladni pojmy

Kvantovy vytézek fluorescence
® = pocet kvant emitovanych/pocet kvant absorbovanych

d=k/k. +2k) k. =rychlost emise
k, = rychlost konverznich
procestl

Intenzita fluorescence latky = f (g, @, N)




Zakladni pojmy

I(0) -
Doba zivota excitovaného stavu
Doba potiebna k poklesu
fluorescence na hodnotu 1/e Io

I{0)/e
Stredni doba Zivota T .
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Zakladni pojmy

® =1/1,

Stiedni doba zivota fluorescence

Fluorescein 4,6 ns
Chininsulfat 15—-40ns
NADH 0,5 ns




Biochemicky vyznamné fluorofory

Nexc Mem (25°C)
Tyrosine 275 303 .14
Tryptophane 287 J48 5. &2
Indole 287 348 45
NADH 350 460 RLE I
Riboflavine 450 535
Chlorophylle 436 670 .30 (acdétone)
Quinine 250 450 .51 (1M H2804)
Pyridoxamine 324 392 .11 (pH=B8.2)
Vitamine A 325 470 (ethanol)
Aminobenzoate 294 345




Instrumentace




Instrumentace e
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Zdroj:

Xenonova lampa

Rtutova vybojka

Laser

Svételné diody - LED (430, 450, 505, 592, 612 and 637 nm)

Relative WValue (%)
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Purdue University Cytometry Laboratories




Monochromator
- miizka
- filtry

Instrumentace

StandardNrone HZASSHITers

- > oo fLong P°
[Light Soumiice ~

57 nm Short Pass ilter

ILielit S onnee Transmilied| Lizhi

Pur due University Cytometry
Laboratories

Standard Band Pass Hilters

630 nm BandPass Filter
White Light Source e I'ransmitted Light

Purdue University Cytomeiry Laboratories

620 -640 nm Light




Instrumentace




Instrumentace

RF-5301PC - spektrofluorimetr Shimadzu




Instrumentace

M¢ieni sttedni doby Zivota fluorescence

Excitation Sample
pulse

k " .
Synchronous Single photon

output detector

\—’ TAC ‘—‘
I
MCA

START STOP




Podminky fluorescence

Zavislost na polarité a viskozité Pokles polarity 6 — 1.
Nitrobenzoxadiazol
c
Solvent Freq. domain TCSPC Literature o
(ns) (ns) (ns) 3
E
H.,0 0.92 0.97 0.93 @
g
Methanol 5.35 5.31 5.64
3
o
DMSO 7.15 7.54 7.48 g
T
Ethyl acetate 10.93 nd 10.5

Wavelength (nm)




Podminky fluorescence
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Podminky fluorescence




Podminky fluorescence
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Podminky fluorescence
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Podminky fluorescence




Podminky fluorescence




Podminky fluorescence

Zavislost fluorescence na teploté

407

20 40 °C




Podminky fluorescence

Stabilita fluorescencniho signalu
chininsulfatu

80—

40 80 min




Podminky fluorescence
450 nm

1 Rayleightv rozptyl (Tyndaltiiv rozptyl)
2 Fluorescenc¢ni emise
3 Ramantv rozptyl

Excitace 450 nm

Emisni spektrum




Kvantitativni fluorimetrie

Zavislost intenzity fluorescence na koncentraci latky
F=1(,E¢,c, ®)
F= Io ®[1-10%d] jestlizec - 0

F=1o®.2,3.ed.c




Kvantitativni fluorimetrie

Stanoveni koncentrace aminokyselin

390/464 nm

340/455 nm

450/550 nm
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Kvantitativni fluorimetrie

Stanoveni bilkovin

CBCQA
CBQCA
O O
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Kvantitativni fluorimetrie

Detekce bilkovin v gelu
(barevné: Coomasie blue, stfibrné barveni)

Fluorimetricky: SYPRO Orange (Molecular probes) — citlivost 1 — 2 ng




Detekce nukleovych kyselin

Ethidium bromid

Kvantitativni fluorimetrie

rRNA 16 a 23s barvena SYBR Green 11
Molecular Probes




Fluorogenni substraty

Galaktosidasy

HO

H@ O O

OH

\@Tj 4-methylumbelliferyl-a-galaktosid
OH

CH

Fluorescein-digalaktosid




Fluorogenni substraty

Peroxidasy — amplex red, vznik resorufinu

Amplex Red Resorufin

HO__~_ 0O~ _OH Peroxidase

HQ‘Q‘/’LH "l‘“;’:‘:" - - Lv: |
M r/ \ N
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— 0 - R =
HO i HO OH
OH Glucose Oxidase OH

Fluorescence emission

350
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Wavelength (nm)




Fluorogenni substraty

Proteinasy, peptidasy

1) Fluorescencni konjugaty proteinti a peptidil
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Fluorogenni substraty
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Pouziti fluorimetrie ke sledovani struktury
biopolymeru a interakci

Prirozené fluorofory (Tyr, Try) — fluorescence zavisla na polarité prostredi obklopujici
fluorofor

H,0 H,0

Emisni spektrum nm




Pouziti fluorimetrie ke sledovani struktury

F310

biopolymeru a interakci
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Pouziti fluorimetrie ke sledovani struktury
biopolymeru a interakci

Fluorescencni konjugaty

0 o
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Pouziti fluorimetrie ke sledovani struktury
biopolymeru a interakci

Fluorescencni konjugaty

Teramethylrhodamin — 545/580 nm)

Absorbance
Fluorescence emission

400 450 500 550 600 650 700
Wavelength (nm)

Kumariny — 350/450 nm)

Fluorescence excitation
Fluorescence emission

250 300 350 400 450 500 550
Wavelength (nm)




Pouziti fluorimetrie ke sledovani struktury
biopolymeru a interakci

Fluorescencni konjugaty
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Pouziti fluorimetrie ke sledovani struktury

biopolymeru a interakci

Fluorescencni konjugaty

rRIN=c=8 - A“NH,,

|sothiocyanate

Succinimidyl ester

C

1 2
A SOEGI + R NH;_|
Sulfonyl chloride
D F F
(o) p—
1 I "Fr ‘}x -
RCO— 805 +
F F

5
I -
— >  gINH-C—NHR?
Thiourea
©
——»>  Rr'c-nHA?
Carboxamide

> RSO, NHR®

Sulfonamide

Carboxamide

e

HON

Os

HCI

A
—80, Q
|
F |
Add bicarbonate
to the profein solution

Incubate
15 minutes

Add protein to
the reactive dye

B
@
Furify the: conjugate

on the column




Pouziti fluorimetrie ke sledovani struktury
biopolymeru a interakci

L+M o LM
2 Ex = 380 nm
Kd =L.M/LM %
,E III, II.I
Interakce makromolekul s ligandy 8 |
2l
E I|
S|
F z / /
400 4I51'.'I EIII} SIEI; ﬁtl_]_ﬂ
Wavelength (nm)
Ligand vazany
Ligand volny

koncentrace makromolekuly




Pouziti fluorimetrie ke sledovani struktury
biopolymeru a interakci

F=F,.+F,
F=Cf.0+C,. ®,

F = (C-C,) ®;+ C,. D,
F=C®,— Cbd,+ C,. D,
F=Fo+C, (®,— ®)

Cb = (F - Fo)/ (¥, - D)

Ff, Fb — fluorescence volné,

vazané frakce

@b, Pf —kvant. Vytézek fluorescence
vazan¢ho, volného ligandu

Cb,Cf — koncentrace vazaného, volného
Ligandu

C — celkova koncentrace ligandu

F — celkova fluorescence




Pouziti fluorimetrie ke sledovani struktury
biopolymeru a interakci

Interakce makromolekul s ligandy
Pouziti fluorescencnich analogu

HM{}'G’H H 0
=q7 ) .
CH,.CHZ ~c=c’, _H I i
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N
(CHZGH, )gNH
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G-D[CHE}15-C -0OH

Fluorescein-PE

Anthroyloxypalmitat




Pouziti fluorimetrie ke sledovani struktury biopolymeru a
interakci

Pouziti znacené makromolekuly
Fluorescence znacen¢ bilkoviny

Koncentrace ligandu




Fluorescencni rezonancni transfer energie

(Forsteruv prenos)

Donor Nezativy pienos energie z donoru na akceptor
Fluorophore (1 ~10 Ill’Il)
S 2
T 1
m Acceptor
S il Fluorophore
Absorption| IC TR —/—/——
| IC
Emission;
: Emission
S ¥ ¥




Fluorescencni rezonancni transfer energie

D+ A D+ A
Tkﬂ;. kt Tku._

D+a+hy —®D'+4a —PF D +4° F DONOR
¥ ko ¥ ko
D + A + hwp D + A + hyy

nm




Fluorescencni rezonancni transfer energie

D+ & D+ A
T]:‘CjD Lkt Tki.ﬁ.
D+é+hy —®D'+4 —» D+a DONOR AKCEPTOR
+kﬂ} +kﬂﬁ. F
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Fluorescencni rezonancni transfer energie

D+ & D+ A
T]:‘CjD Lkt Tki.ﬁ.
D+é+hy —®D'+4 —» D+a DONOR AKCEPTOR
+kﬂ} +kﬂﬁ. F
O+ A& + hwp D + A + hyg

nm




Fluorescencni rezonancni transfer energie

Donor
Fo

n=1-F/Fo

nm




Fluorescencni rezonancni transfer energie

T — doba zivota exc. stavu

N=Ro%(Ro® + R®) J — ptekryvovy integral
n — refraktivni index rozpustédla
Ro®=|/ 1,66.10°.1.J/n*vo? V — vlnodet emise donoru

Donor J(A) Acceptor

fluorescence absorption
DONOR ACCEPTOR

b= 50%
hVI’LM Ktrans

o .

e
Ky / Wavelength (1)
¢=150% \_Kisc




Fluorescencni rezonancni transfer energie

Pouziti — zméreni vzdalenosti mezi dvéma molekulami v bilkoviné
Tryptofan (290/340) vs. NADH (340/450 nm)

Efficient quenching > Generation of
of Cy3/Cy 3B signal Cy3/Cy3B signal

Asp-N cleavage

Cy3/Cy3B Cy5Q b
donor .
W
Quenching removed

Cleavage site




Fluorescencni rezonancni transfer energie

Energy NO Energy Transfer
Transfer to Cy5
to CyS
_—

"O!! “® !
% / : %
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Cy3- /

anti- Cy5-dsDNA /

GST Ab /

TS e W

Competitor dsDNA




Fluorescencni anizotropie
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Polariza¢ni filtry

Fluorescencni anizotropie

Auto-Polorizer Accessory




Fluorescencni anizotropie

Polarized
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Fluorescencni anizotropie
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Fluorescencni anizotropie

FluorescenCni anizotropie r=1 -1,
v

Rotacni relaxacni Cas [=1 +2I

=1+ 31 T, sttedni doba Zivota fluorescence
, ron= vp P, rotacni relaxac¢ni ¢as molekuly
t . : .
SR 4 a ro — anizotropie nepohyblivé molekuly

_ V objem
p=VI/RT N viskozita
r, = (3 cos?d -1)/5
ro/r =1+ 3tRT/Vn




Fluorescencni anizotropie

Small Rapid
Molecule Rotation

A Erckation . g Lk
Vyuziti: Seoion —- @ — — S

Interakce makromolekuly s ligandem @ @

Light

Complex

mg makromolekuly




Fluorescencni anizotropie

Vyuziti:
M¢éteni viskozity prostiedi

ro/r =1+ 3tRT/Vn

n =2,4r/(0,362 —r)
ro/r =1+ K/n

Fl. anizotropie DPHT
Vazanc¢ho v liposomech
DPPC

20 30 40 50 °C




Fosforescence

Lowest excited

n singlet state Lowwest excited
= d —_— :
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— Processes involving photons
" Hadiationless transitions
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Fosforescence

Stiedni doba zivotaT 104 —100 s

{ t | L B 5
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500
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Fosforescence

Kvantovy vytézek fosforescence

® fluorescence
&, =k3/(k3 + k2 + k4)
®.=k2/(k3 + k2 + k4)
®/ b, =k2/k3
fosforescence

100 200 300 °K

hv
\kl k4 k5 k4 k3
A AO - AO 5 A+ 5 A+ S A

e 1" N

A hv hv




Fosforescence

Experimentalni uspotadani




Fosforescence

Vzorek

Rozpoustédla

rigidni skla bez krystali
(ethanol, metanol, voda:ethylenglykol., atd




Aplikace fosforescence

Fosforescence

exe en (sec)

Tyrosine 300 405 543
Tryptophane 293 440 D
DOPA 270 420 0.4
Phenylalanine 270 420 -
Ac. benzoique 240 400 2.4
Ac. aminobenzoique 310 430 32
Ac. indolylacétique 300 440 7.1
Ac. salycilique 315 430 6.2
Quinine 340 500 1.3
Naphtaléne 290 505

Codéine 275 505 0.3
Caféine 285 440 2.0




Fosforescence

Fosforescence alkalické fosfatasy
3 Try, pouze Try 109 fosforeskuje
1 — nativni enzym

2 — enzym po odstranéni Zn

Phosphatase
alcaline f

Spectra de fluor.
et de phosphoresc, fluoresc, phosphoresc.
de tryptophane

Cioni et al. (1989)
Eur.J.Biochem.




Princip fluorescencni konfokalni mikroskopie

Confocal principle Diagram by:

Laser beam

Kees van der Wulp
(488 nm) imgp@mbimp 1.mbl. TNO.NL
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Chemiluminiscence

Luminol
Luminol
Chemiluminescence
i
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Chemiluminiscence

Luciferin
»H lciferase aH
HO S S HO S S
Imlfurasa ‘ I
i HC




Chemiluminiscence

Aequorin — Aequoria victoria




Chemiluminiscence

Aequorin — Aequoria victoria

OH
CH? -
> N-_ MNHC =0 " @9 - CDE + v 488 nm)
(X
"'\ k I‘".Hz
HO ™ F =
=

Coelenteramide




Chemiluminiscence

Aequorin — Aequoria victoria

Luminescence emission

Prunik vapniku do mitochondrii

350

400

450 500 550 600 Aktivuje oxidaci
Wavelength (nm)




