C6200-Biochemicke metody

09 LUMINISCENCNI METODY

Petr Zboril



Luminiscencni pochody

* Emise zareni

— Pfechod elektronu z excitovaného stavu do
zakladniho

» Zpusob dosazeni excitovaného stavu

— Absorpci fotonu — fotoluminiscence
* Fluorescence, fosforescence — UV, VIS
« Radioluminiscence — scintilatory, fosforescence

— Chemickou reakci — chemiluminiscence
« \/Cetne biochemickych - bioluminiscence

— Radioaktivhim rozpadem



Luminiscencni spektroskopie
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Luminiscencni spektroskopie
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Excitace a emise

Zakladni pojmy

Interakce s rozpoustedlem

Singletovy excitovany stav

Absorption

Emission

Singletovy zakladni stav




Zéakladni pojmy
Stockestv posun — ztraty energie po dobu excitovaného stavu
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Fluorescence excitation

Zakladni poymy

Excitation
spectrum EX 1

EX 2

Emission
EM1 Spectrum

Wavelength

Fluorescence emission
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Zéakladni poymy
Excitovany stav — stfedni doba zivota 107 — 107 s.
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Zéakladni poymy

Kvantovy vytézek fluorescence
® = pocet kvant emitovanych/pocet kvant absorbovanych
D =k /(k, +2 k) k. =rychlost emise

k, = rychlost konverznich

procest

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



Zéakladni poymy

I40) 1--
Doba Zivota excitovaného stavu
Doba potiebna k poklesu
fluorescence na hodnotu 1/e Io

I{0)/e
Stfedni doba zivota t
= 1/k; 0

_ _t
[=],e" V"

n- refrakéni index rozpoustédla
Piirozena doba zZivota t, ¢ —molarni abs. Koeficient

) v — vinocet abs. maxima
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Zakladni pojmy

D = 1/1,

Stiedni doba zivota fluorescence

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



Biochemicky vyznamné fluorofory

Nexc MNem Q (25%C)
Tyrosine 275 303 0.14
Tryptophane 287 348 0.13
Indole 287 348 0.45
NADH J50 460 0.03
Riboflavine 450 535 -
Chlorophylle 436 670 0.30 (acétone)
Quinine 250 450 0.51 (1M H2504)
Pyridoxamine 324 392 0.11 (pH=8.2)
Vitamine A 325 470 - (ethanol)

Aminobecnzoate 294 345 -




Instrumentace




Instrumentace W
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Zdroj:

Xenonova lampa

Rtutova vybojka

Laser

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

Relative Value (%)
{31l (%)
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Purdue University Cytomeiry Laboratories




Monochromator
- miizka
- filtry

Instrumentace

StandardirongAssHliers

a2\l nny lbong Pasy [ller

ISighit Source [‘eansmitted 1hichi

StandardsSshort PAasssiliers

- . a7 i Short Passiiller:
Al once - Aiamymitied gt

Standard Band Pass Hilters

630 nm BandPass Filter
White Light Source e Transmitted Light

Purdue University Cytometry Laboratories

620 -640 nm Light




Instrumentace




Instrumentace

RF-5301PC - spektrofluorimetr Shimadzu




Instrumentace

M¢éfeni stfedni doby Zivota fluorescence




Podminky fluorescence

Fenolftalein Fluorescein



Zavislost na polarité a viskozité

Podminky fluorescence

Nitrobenzoxadiazol
Freq. domain TCSPC Literature

Solvent

(ns) (ns) (ns)
H,0 0.92 0.97 0.93
Methanol 5.35 5.31 5.64
DMSO 7.15 7.54 7.48
Ethyl acetate 10.93 nd 10.5

Fluorescence emission

Pokles polarity 6 — 1.

Wavelength (nm)



Podminky fluorescence

Zavislost fluorescence na teploté

80—

400

20 40 °C



Podminky fluorescence

Stabilita fluorescen¢niho signalu
chininsulfatu

80—

40 80 min



Podminky fluorescence
450 nm

1 Rayleightiv rozptyl (Tyndalav rozptyl)
2 Fluorescencni emise
3 Ramaniv rozptyl

Excitace 450 nm

Emisni spektrum



Kvantitativni fluorimetrie

Zavislost intenzity fluorescence na koncentraci latky
F=1f(,¢,c, O©)
F= To®[1-10%¢] jestlize ¢ — 0

F=1o®.2,3.ed.c




Kvantitativni fluorimetrie

Stanoveni koncentrace aminokyselin

390/464 nm (395/475) ) &

® _ono )
H
@[ + R'“NH, + R%-sH — [ T~ A
340/455 nm CHO -/
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CN
C CHO - iy
+ R-NH, + CN — %NFI
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S C—QCDDH P
N~ “CHO N
CN

CBQCA

450/550 nm



Kvantitativni fluorimetrie

Stanoveni bilkovin

CBCQA

Fluorescence

Fluorescence

CBGCA

CBQCA

0 100 200 300 400 500
Protain (ngfmlL)

OPA

Fluorascami_rje

5 10
Protein (pug/mL)

15



Kvantitativni fluorimetrie

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

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



Kvantitativni fluorimetrie

Detekce nukleovych kyselin

Ethidium bromid — ds DNA
SYBR Green — (ss DNA), RNA

rRNA 16 a 23s barvena SYBR Green 11
Molecular Probes




Kvantitativni fluorimetrie

SYBR green — asymetrické cyaninové _N/

Barvivo \—\_ g Q
N
/
/

Interkaluje prednostné do ds DNA, méné N

ss DNA , nejméns RNA /

Absorbuje modré A, =497 nm N}@
emituje zelené A, =520 nm O:s\

b

fluoresosnos weaitation or smission (%)




Fluorogenni substraty

Galaktosidasy

HO
OH
w 4-methylumbelliferyl-a-galaktosid
OH CH
3

Fluorescein-digalaktosid




Fluorogenni substraty

Peroxidasy — amplex red, vznik resorufinu

Amplax Red Resorufin
Peroxidase

Glucose Oxidase

DZO—Z

H

Absorbance

Fluorescence emission

350 400 450 500 550 600 650 700
Wavelength (nm)



Fluorogenni substraty

Proteinasy, peptidasy

1) Fluorescencni konjugaty proteint a peptidi

] o

PEPTIDE | C~NH.__~._O.__~. NH-C— PEPTDE |

"~.u,_.-_-_6.,_-_'.a'
A =0
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Bisamide

CBZ—=Phe—Arg—NH o o
140
- HCI

CH3

)
PEPTIDE |G- NH__~._O.__~. _NH

Pepiidase i _co Pepidase _

Monocamide

Rhodamine 110



Fluorogenni substraty

Fosfolipasa A
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Pouziti fluorimetrie ke sledovani struktury
biopolymeru a interakci

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

Emisni spektrum nm



Pouziti fluorimetrie ke sledovani struktury
biopolymeru a interakci

substrat ( ;3
o

F310 l

—

t (min)



Pouziti fluorimetrie ke sledovani struktury
biopolymeru a interakci

Fluorescen¢ni konjugaty

HO o] 0
9oe
C—0H

(J*
Q
[ s
C—OH ¢ 2
0 @ £
. L 0 @D
g | 5 8
. [l c
Karboxyfluorescein — 5 R
o 7 - 8 E
(494/520 nm) < S
_E ic
350 400 450 500 550 600 650 S U T S A
Wavelength (nm)
pH
Absorpce/emise CF-karboxyfluorescein
fluoresceinu OG oregon green
piipH 9

Oregon Green - (496/524 nm)



Pouziti fluorimetrie ke sledovani struktury
biopolymeru a interakci

Fluorescen¢ni konjugaty

Teramethylrhodamin — 545/580 nm)

Absorbance
Fluorescence emission

400 450 500 550 600 650 700
Wavelength (nm)

Kumariny — 350/450 nm)

Fluorescence excitation
L L L 1 L L 1
Fluorescence emission

250 300 350 400 450 500 550
Wavelength (nm)



Pouziti fluorimetrie ke sledovani struktury
biopolymeru a interakci

Fluorescen¢ni konjugaty

N[GH 3]-2 é
T :
8 8
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Wavelength (nm)



Pouziti fluorimetrie ke sledovani struktury
biopolymeru a interakci

Fluorescen¢ni konjugaty

s
r'IN=Cc=5 + H:)NHE A'NH—C —NHR?
|sothiocyanate Thiourea
o] O O 0)
R'CoN | + R7NH, R!C—NHR? HON |
& g
Succinimidyl ester Carboxamide
r'so.cl + RZNH r'so,—NHR? HCI
Sulfony| chloride Sulfonamide
F F F
0 { o )
r'co S 503_ + H'NH, = R'C—NHR? HO SO,
FF F

Carboxamide




Pouziti fluorimetrie ke sledovani struktury

Kd = L.M/LM

Interakce makromolekul s ligandy

Ligand vol

ny

Ligand vazany

Fluorescence emission

biopolymeru a interakci
L+M& LM

Ex = 380 nm

T
450

500 550 600
Wavelength (nm)

koncentrace makromolekuly




Pouziti fluorimetrie ke sledovani struktury biopolymeru a

interakci
F=F,+F, Ff, Fb — fluorescence volné,
F=Cf.d+C, @, vazané frakce
F=(C-C,) ®,+ C,. D, Ob, Of —kvant. V}’ltéfiek fluorescence
F=Cd,— Cbd,+ C,. D, vazaného, volného ligandu
F=Fo+C, (D, — D) Cb,Cf — koncentrace vazaného, volného

Ligandu

Cb = (F — Fo)/ (®, — @) C — celkova koncentrace ligandu

F — celkova fluorescence



Pouziti fluorimetrie ke sledovani struktury
biopolymeru a interakci

Interakce makromolekul s ligandy
Pouziti fluorescencnich analogti

HMC'C’H H 0
=c? B .
CH,.CHZ ~c=cZ _H I i
32 H JG=C] (CH. \.—C—0OH CHg(CH,), ;7~C —OCH,
H HfC:Cu e'7 CH,(CH,), ~C=0CH O
a CHgo—T—OCHECHzNH—ICI—NH
o s

Kys. cis-parinarova

+
CHE) NH

(CH 3

3

Fluorescein-PE

Anthroyloxypalmitat



Pouziti fluorimetrie ke sledovani struktury biopolymeru a
iInterakci

Pouziti zna¢ené makromolekuly
Fluorescence znacené bilkoviny

Koncentrace ligandu



Fluorescence a cytochemie

e Znaceni bilkovin, protilatek

e Znaceni nukleotidl, primeru



Fluoreskujici proteiny

 GFP 395 (475) - 509 nm

Aequorea victoria 1 Jin€

o
o 238 AA " e
o Fluorofor reakci 3 AA
- ° T
o
o
o

Lokalizace proteint

Reportér (exprimovany gen) .(
Mutanty — zména barvy -
o — YFP (T203Y), CFP (Y66W) —(—_5 e onpe



Absorbance normalisée

Excitation
BFP CFP GFP YFP
100 4
80—
60—
‘U —
20 \

u T T T T T T T T
326 350 375 400 425 450 475 500 526
Longueur d'onde (nm)

Absorbance normalisée

100

]

2]
(-]

L

1

GFP

Emission

BFF CFP GFP YFF

N

3786

426 476 526 676
Longueur d'onde {nm)

)
626



Fluorescencni rezonancni transfer energie
(Forsteruv prenos)

Donor Nezafivy prenos energie z donoru na akceptor
Fluorophore (1 10 nm)
S d
T 1
= Acceptor
S - Fluorophore
Absorption IC T —
| IC
Emission:
: Emission



Fluorescencni rezonancni transfer energie

D+ & D+ &
TkiD kt Tki.ﬁ.
D+a+hy — D' +4 —P D +4° F DONOR
¥ o ¥ ko
D + A + hup D+ & + huy




Fluorescencni rezonancni transfer energie

D+ A D+ 4
Tij ket Tkj_p_
Dta+hy — WD +4 —® D+a DONOR AKCEPTOR
+kﬂ} +kf.ﬁ. F
O+ & + hup D + & + hyy




Fluorescencni rezonancni transfer energie

D+ A D+ 4
Tij ket Tkj_p_
Dta+hy — WD +4 —® D+a DONOR AKCEPTOR
+kﬂ} +kf.ﬁ. F
O+ & + hup D + & + hyy




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 — piekryvovy integral
n — refraktivni index rozpustédla
Ro®=\/ 1,66.107.1.J/n*vo? v — vlnodet emise donoru

Donor J(A) Acceptor
fluorescence absorption

DONOR ACCEPTOR
b= 50%

M Ko
& -®.

K1c7 w R e h,,
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/Cy3B signal Cy3/Cy3B signal

L

Asp-N cleavage

W.‘w’
Cy3/Cy3B Cy5Q %y
donor *'5“.

Quenching removed
Cleavage site



Fluorescencni rezonancni transfer energie

NO Energy Transfer
to Cy5
w 3
}. Ll —— ""-":-J'

/ i %

Cy3- /
anti- Cy5-dsDNA ;’f
GST Ab /

Mﬁ."‘ew
Competitor dsDNA



Hybridizacni sondy

nv
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Hybridizacni sondy

(c) (d)




Molekulové majaky

Probe Sequence Target
_E_
Molecular
Beacon
Hairpin I
Y
IR RERERENEEEN H}"tll’id
Fluorophore Quencher o
g
Fluorophore Quencher

Reporter and
quencher-marked
£ probe

Target DNA strand
hybridized with probe




HybridizaCni sondy

Loop
Blocker Sequence
Sequence
Internal
Stem Quencher 5' Reporter
SJE{ll.lEI"IEE
. ' . R
R @ o AL
. ‘ . @ PCR Primer PCR Primer -
5" Reporter

'Newly Synthesized
DNA Strand

Blocker  Target DNA Complementary Sequence

1. Quenching of the fluorescence 2. Emission of the fluorescence



Dynamika membran

Fluorescence recovery after photobleaching

F
7 )
5| | LT I
=
>Mobile fraction
J" -__J
Fo
F F F(<0)




Dynamika membran

Fhotobleach
1 *
L ey -I'I
" .'E 5 e SRR o R B 8 R N R R e
.E r'\l'lfl:.-II r
percent Xg & 3
fluorescence & &
Y 5
e

- FRAP

— Rychlost — prubéh obnoveni
— Vytézek (recovery)



Fluorescencni anizotropie

L

Messcien .-‘3.2 @‘l )
,_uﬂllll_l!__ _______ @)

COIO%
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Fluorescencni anizotropie

Polarizacni filtry

Auto-Polorizer Accessory



Fluorescencni anizotropie

Polarized

e O S |
Polarization light Hla E

flter

e

Polarized
i ssion
filiers
il == 4—»  Depolarized
j}w»rf %"_.’1. prniech an




Fluorescencni anizotropie



Fluorescencni anizotropie

Polarizace fluorescence p= I, -1, Fluorescenc¢ni anizotropie r= I -1,
I, +1, I, + 21,

Rotacni relaxacni ¢as
T, stfedni doba zivota fluorescence

| ro/r=1+31/p p, rota¢ni relaxacni ¢as molekuly
excitace 4 O ro — anizotropie nepohyblivé molekuly

V objem

p=VI/RT n viskozita

r, = (3 cos’a -1)/5
ro/r=1+3tRT/Vn



Fluorescencni anizotropie

Small
Molecule

Hotau
41 Pnémrzlad Emml;ad ngh is
VyuZiti: Eockacon — @ Qﬁ —

Interakce makromolekuly s ligandem @ dz

E -S (K, I), Ag — Ab, hormon - receptor e @__, . Emced igheromais
. i
r

mg makromolekuly



Fluorescencni anizotropie

Vyuziti:
Méteni viskozity prostiedi

ro/r =1+ 3tRT/Vn

n=2,4r/(0,362 —r)
ro/r=1+ K/n

Fl. anizotropie DPHT
Vazaného v liposomech
DPPC

20 30 40 50 °C



Fosforescence

Lowest excited
singlet state

Lowest excited
i Ground = triplet state
electronic state % e ——
1 - - 1. Ahsorption
= B 1 4 = 2. Fluorescence
E 3. Phosphorescence
L 4. Yibrational relaxation
T4 . Intersystemn crossing
b. Internal corversion
2 3
4 4 ¥ ¥
— Processes involving photons MultlphClta

. Radiationless transitions

M=2S+1

hv
\ k1l k4 k5 k4 k3 S
A—> A*x > A*x > A+ > A+ > A T

ground excited excited
k4 singlet state singlet state triplet state

A hv hv




Fosforescence

Stfedni doba zivotat 104 —100 s

1-1085
f

/\ R

| \ Indole
Abs Fluoresc. | Phosphoresc. ™

250 aoa 350 400 450 500
Alnm)

Tryptophan




Fosforescence

Kvantovy vytézek fosforescence
fluorescence

@, = k3/(k3 + k2 + k4)

@, = k2/(k3 + k2 + k4)

O/ O, =k2/k3
fosforescence

100 200 300 °K

hv
\ k1 k4 k5 k4 k3

A—> A*x > A*x > A+ > A+ > A

AN

A hv hv



Experimentalni usporadani

Fosforescence

[ —

—:
./



Fosforescence

Vzorek

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




Aplikace fosforescence

Fosforescence

exe enm (sec)

Tyrosine 300 405 5+3
Tryptophane 2935 440 led
DOPA 270 420 0.4
Phenylalanine 270 420 -
Ac. benzoique 240 400 2.4
Ac. aminobenzoique 310 430 32
Ac. indolylacétique 300 440 Tl
Ac. salycilique 315 430 6.2
Quinine 340 500 1.3
Naphtaléne 290 505

Codéine 275 5085 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

Spectra de fluor.
et de phosphoresc.
de tryptophane

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

" fluoresc.

phosphoresc.




Chemiluminiscence

* Prireakci musi vznikat dostatek energie, aby doslo k
excitaci elektronu. Proto musi byt reakce exotermni a
obvykle je to oxidace.

* Energie se vyuzije pro excitaci elektronu, uvolni-li se
jako teplo chemiluminiscence se neobjevuje.

« Excitovany produkt musi byt schopny ztracet svoji
energii bud ve formé fotonu, nebo ji pfevadét na
fluoreskujici sloucCeniny. Pfima emise fotonu z
excitovaneho produktu obvykle poskytuje kratke
zablesky svétla, zatimco transfer energie na fluoreskujici
slouCeniny se vetsinou projevuje jako dlouhodoba (v
minutach) svetelna emise.



Chemiluminiscence

» Pristrojové vybaveni:

» od jednoduchych luminometrt az po vysoce
automatizovaneé chemiluminiscencni analyzatory, ve
kterych se provadi imunochemické reakce s
chemiluminiscencni detekci.

« Standardni luminometry se do urcité miry podobaiji
fluorimetrim. Pfed méfici kyvetou ovSsem nemaiji zadny
zdroj svétla ani filtr. Usporadani za kyvetou odpovida
fluorimetrum (filtr, fotonasobiC). Témeér vSechny
luminometry maji také nastrikovaci zafizeni, protoze u
zableskové chemiluminiscence je nutné provést mereni
iIhned po nastriku reagencii. Nektere luminometry meri
luminiscenci v mikrotitraCnich destiCkach.



Chemiluminiscence

» Jednoduchy luminometr




Chemiluminiscence

* Luminometr na destiCky




Chemiluminiscence

CAMEO™-96 KIT PROTOCOL

STEP 1

Using & positive dspleoament STEP 2.
repeater pipetie, ransfar Prepare sample
CAMED ™55 Master Mo cell suspensian,

o bl hbig, Transr silficiant adjiest o regiined

Mastar Mix ta tube so that the celcancartraton
ragquired number of replicates can and add ie Mastar
b plated, Bl

e Ehofaughly

STEP 3
Dispan=e 100u of
Masier Mix into aech replcata wedl
using o positive displacement repeales

-

pipette
©00000000C00
Q00000000000
0660600860600
STEF 6A Q00000000000 | et indhdusty wrepped
ATP Standard Dose Response 000000000000 | SREEATE
and Calibration Q00000000000 1S e
|Parfarmed prior fo measuring samaple 0oQoo0ooooeo
kiFinascance), Dmmenes 1006 of medum t
soachad 111G A Sesbicalis weli [hagers serah l
G R0 DY) T 8 bt Wl e
ancl ke g and migh (Bhis] costicks
e0BBQO000000 STEP 4
BORPOO000000 incubate T days for animai,
L Je11 JelsTolaloloTolo] 12-14 days for human sells
L 1=1-1 JslsleleleloToLo]
(o111 JelslslsleleTolo]
Q0880000000
[sl=1 1 JelelsleloloTols]
500800000000 STEP 5
Count eclenies in each well
s nan-starila
5wl plate
for thes siep.
Thmin
StEp ? &l oo m bemgeralure STEP &
Measure - ———— Add 100yl of luminescence

moniteeing reagerd and mix

~SHema luminescence
"Gt



m lumzina 3-aminophuthalate ' A N R N

Chemiluminiscence

Luminol

Luminol
Chemiluminescence

3
+
;
© .E i
&
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Cheamiluminescence
Intensity

300 350 400 450 GO0 550 GO0 650
Wavelength of Emission

Luminol Emisslon Time Proflle

mﬁl]]l]

= Luminol + Cue+
- 4000

S + H;O, + Buffer
B 3000

= Half Imensity

LUZMI] 20 seconds

Frng

o

Eﬂl]l]
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0 10 20 30 40 50 80 70
Time from Initiation {sec)



Chemiluminiscence

Luciferin svétlusky

‘“‘H hciferase “‘*H

OO R Ly
= _orycfg, O



Chemiluminiscence

4
21
—&— ATP standard dose response Vs
= = |Linear regression
®  Background 4
100 &
-} 10
=
=
g
o
x
[
]
] 1
=)
-
[
[ -
L]
@
L]
o.o1
s
e Sensitivity: 2.4 x 107 10M ATP
'
1] T8 L R PRSI SRS POV US S
(el 10 10 10 10 108 10
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Aequorin — Aequorea victoria
GFP — fluorescence
Aequorin - chemiluminiscence
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Aequorin — Aequoria victoria
Prosteticka skupina - typ luciferinu
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Chemiluminiscence

Aequorin — Aequoria victoria

Luminescence emission

| Prinik vapniku do mitochondrii
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