10. Fluorofory



Vyb r fluoroforu

Citlivost k m enému parametru
- velikost zmny fluorescenniho
parametru
- rozsah pou itelnosti (napp i
m enipHje dan p, pim eni
vazby K, ...)

- selektivita (nap sondy pro CH
mohou vazat i Mg, ...)

Spektralni vlastnostsi
- minimalni interference dalSich
latek (pozadi)
- Mo nosti pistroje (dostupné
vinove delky excitace, spektralni
rozsah detektoruasové
charakteristiky)

Figure 2. Fluorescent probe represents a molecular reporter in the biologic sample.
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Figure 1. Optical absorption spectra of various

tissue components in the ultraviolet to infrared
frequency range.

http://www.chem.duke.edu/~wwarren/tissueimaging.php



Fluorescence nukleovych kyselin

2
P irozena fluorescence bazi nukleovych Vzorek mezi

k emennymi skliky
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Fluorescence protein

Aminokyseliny — Trp, Tyr, Phe
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Lakowicz — Principles of Fluorescence Spectroscopyd.2iuwer/Plenum, 1999



Tryptofan

- emituje fluorescenci

- nemusime protein zna it

-m eme ho spektraln  separovat od ostatnich
aminokyselin

- vime, kde je na molekule lokalizovan

- vyskytuje se pom rn z idka

- v tSinou ma rozumny kvantovy vyt ek

- je citlivy ke zm nam ve svém okoli

Trp ve vodném roztoku, pH 7: QY =0,14
Trp v proteinu: QY = 0,02 - 0,30
Emise Trp m e byt zhaSena solventem i okolnimi aminokyselinami (p enos protonu |
elektronu v excitovaném stavu:
Tyr, Cys, cistine, kladn nabity His — siln
neutralni Glu, Asp — st edn
Lys, GIn, Asn, neutralni His — slab

V proteinech také hlavni et zec i Ser, Thr, Met, Arg a negativn nabity Glu, Asp.



Citlivost na expozici do solventu
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l Figure 16.11. Effect of tryptophan environment on the emission spectra of proteins: (1) apoazurin Pfl, (2) ribonuclease Ty, (3) staphylococcal
- nuclease, (4) glucagon. Revised from Refs. 52 and 53.
Lakowicz — Principles of Fluorescence Spectroscopy.2iKuwer/Plenum, 1999

Kinetika dohasinani fluorescence

Trp ve vod - 2-exponencialni dohasinani
Trp v proteinu - 1 i vice exponencialni dohasinani

Teorie rotamer




Porfyriny

H Cytochromy
Chlorofyl 0 MH
;NHE
o
R Sw’
Hoh o M




Hormalized Fluorescence

Kofaktory enzym

NAD(P)H (340/460) FAD, EMN (450/525) Sledovant kinetiky
(NAD(P) bez emise) (FADH, FMNH bez emise) adoxnich reakci

O
; e s NH
, | f . _
? . W”H Hacgr,« S Pivazb na proteinme

O=pP— M CH: Ve ’ Ve 7
0 w1 —on dochéazet k vyraznym zmam
H——0CH . . 7 .
| i—|-on intenzity fluorescence (nast |
OH OH . CH,
X I ” pokles)
1) T e
D=II-"_—O N N’) c::?-—a ¢ P
8] 9] & o NT
OH OH OH OH g rrrerereereeeroreeaieas .
Wavelength (nm) , 5 1
o0 M CTBP+
, - . NADH
50 g 05 ™
. § NADH ™ ]
i vt T
20 1 T
0 : , I I W aelem g
300 380 420 480 540 600 250 350 450 550 650

Wavelength{nm)
Excitation (nm) Emission (nm)



Alkaloidy

P irodni latky produkované rostlinami, vyu ivane ddivem leitelstvi
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Fluorescenni proteiny
GFP z Aequorea victoria
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Spektralni varianty GFP

Bodové mutace zsobuji zmny
excita nich i emisnich spektrer
Mutace S65T — EGFP (enhanced
GFP)

EGFP je zakladem pro dalsi
barevne varianty

http://www.liv.ac.uk/physiology/ncs/catalogue/ClogiExcitation_and_Emission_Spectra_of GFP_variaims.



Spektralni varianty GFP

http://microscopy.berkeley.edu/courses/TL

M/fluor_techniques/fret.html http://www.med.umich.edu/cdb/people/sivaraj.html

Sledovani asociace konforma nich zm n protein

pomoci znaeni r znymi spektralnimi variantami GFP a
m enim FRET.

ZjiS ovani kolokalizace rznych protein



DsRed

http://www.ebiotrade.com/buyf/productsf/clonteclefratm

DsRed1- fluorescence timer — zelena fluorescence saim
na ervenou (cca 20 hodin)
DsRed2, DsRed-Express urychlena maturace



Fluorescenmni znaky a sondy

Fluorescemni zna ky a sondy (extrinsic fluorophors)
Zna ky — kovalentni vazba na zkoumanou molekulu
Sondy — bez kovalentni vazby, citlivost na pH, meimbry
potencial, ionty, polaritu progdi, dynamiku a
uspoadani membran.

Senzory



P iklady fluorescemich sond

Detekce pH Detekce iont

SNARF®-5F 5-(and-6)-
carboxylic acid

SBFI (detekce N3 PBFI (detekce K



Membranovy potencial

3,3'-dihexyl-
oxacarbocyanine iodide
(DIOC6(3))

Response mechanisms of membrane potential-sensitive pFastgesponse probes
undergo electric field—driven changes of intramolecukarge distribution that
produce corresponding changes in the spectral profilatensity of their fluorescence
(represented by color changes in the illustration). Slesponse probes are lipophilic
anions (in this illustration) or cations that are tragaled across membranes by an
electrophoretic mechanism. Fluorescence changes assbaidih transmembrane
redistribution (represented by color changes in the ilitgin) result from sensitivity
of the probe to intracellular and extracellular enviromtse Thus, potentiometric
response speeds directly reflect the time constants of ttheriyimg processes — fast
iIntramolecular redistribution of electrons versus relinslow transmembrane
movement of entire molecules. http://probes.invitrogen.com/handbook/figures/1 484!



Membranové
sondy

Pozice a orientace vybranych
fluorescennich membranovych sond v
lipidovée dvojvrstv: A) DPH ( ),

B) NBD-C6-HPC ( ), C) bis-
pyrene-PC { ), D) Dil ( ), E)
cis-parinaric acid { ), F)
BODIPY 500/510 C4, C9{ ), G)
N-Rh-PE ( ), H) DiA ( )

andl) C12-fluorescein ().

http://probes.invitrogen.com/handbook/figures/0a1al



Sondy pro nukleové kyseliny

Interkala ni sondy Vazba do velkého labku Vazba do malého 1abku

Ethidium bromide Hoechst 33258

y 4

O

N o DAPI
Propidium iodide Zna eni konc



Zna eni protein

Zna eni -NH, skupin (nejastji lysin)

S
} I ;
RIN=C=S + R NH, ——» R'NH—C-NHR

Isothiocyanate Thiourea

fluorescein-5-isothiocyanate (FITC)

Zna eni -SH skupin (cystein)

RICHX + R°SH —— RICH,-SR® + HX

Alkyl halide or Thiocether
Haloacetamide (X =1, Br, Cl}

\
q1-N>7j v R°SH —» R'-N
SR’
0 0
Maleimide Thioether
R's-sR' + R°SH ——» R's-sR® + R'SH
Symmetric disulfide Mixed disulfide

Alexa Fluor® 488 C5-maleimide



Fluorogenni sondy

Samotné maji velmi nizky kvantovy vyek fluorescence, pinterakci s analytem
(nap. po odStipnuti jaké asti enzymem) se QY vyrazavysi.

Sonda pro sledovani aktivity nitroreduktaz
http://www.fmhs.auckland.ac.nz/sms/acsrc/TTT/repmeaspx

Vyu iti acetoxymetylester p i zna eni bunk

http://www.biotek.com/resources/articles/calciummeentration-changes.html



,Long-lifetime“ sondy

V tSina organickych molekul nta< 20 ns

Pyren (~ 100 ns)

Lanthanidy (E&*, Tb**) ~ 1ns

P i detekci s vtSim zpo d nim za excitanim pulsem je minimalni
signal pozadi velmi vysoka citlivost (aM koncentrace)

Excitace
Fluorofor s dlouhou dobou ivota
Fluorescen ni ne istoty

Hradlovana detekce

intenzita

as



Kvantoveé teky

Polovodi ove fluorofory, CdS, CdSe, InP,  Neyyhody:

InAs, PbSe
Vyhody:

Velké astice (nkolik nm)
Vhodné je mit monodisperznastice

Vysoky extink ni koeficient (m e byt > 1 ( . stejné velikosti)

M-icntl)
Nedochazi k vydovani
Uzké emisni spektrum

Poloha emisniho spektra souvisi s velikosti

astic

Dlouha doba ivota fluorescence (desitky ns)

http://www.grin.com/en/doc/266199/raman-encoded-
nanoparticles-for-biomolecular-detection-and-cancer
diagnostics

Chemicky inertni p navazovani
funk nich skupin m e fluorescence
zmizet

http://www.nrl.navy.mil/research

Inrl-review/2002/materials-

science/mauro/

http://nanoguru.wordpress.com/2011/02/03/gettingxtio-
guanta-how-quantum-dots-are-changing-medical-inggin



Shrnuti

Vyb r fluoroforu - podle citlivosti ke sledovanému pararoespecificity a
spektralnich vlastnosti

Princip senzor - p i interakci s analytem se mi n ktera z fluorescemich
charakteristik, nap intenzita fluorescence, zma tvaru i polohy spektra

(pom rové m eni), zmna kinetiky dohasinani fluorescence, maanizotropie
Fluorescence nukleovych kyselin - slaba

Fluorescence protein Trp, pip. Tyr

DalSi molekuly v ivych organismech - porfyriny, kofaky enzym, alkaloidy, ...
Fluorescenni proteiny - jejich vyu iti v bun né biologii

Fluorescenni sondy - bez kovalentni vazby

Fluorescenni znaky - kovalentn navazané na zkoumanou molekulu
Fluorogenni sondy - vyrazné zvySeni kvantoveho kutp i interakci s analytem
Sondy s dlouhou dobou ivota

Kvantove teky




