Fluorescence applications



e Last class
e Fluorescence toolbox
e Some limitations of fluorescence

e This class

e Quantifying fluorescence
e FRAP/FLIP
e Co-localization



A few more limitations

e Resolution

» Autofluorescence
* Bleedthrough

e Blinking

* Photostability

* Phototoxicity



Labeling

e Does the presence of the
fluorescent molecule
affect the function
you’re trying to study?

e Attaching FP sequence
will change transcription
factor concentration,

Same types of cells labeled
with GFP and tdTomato

ribosome occu pancy, Proteolysis can be very
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Signal Quantitation

e Limited by the
above factors

e Have to consider
photobleaching and
background

e We want to know
#fl at a given pixel

* To quantitate
fluorescence, we
try to model other
parameters

Autofluorescence from
sample

Fluorescence we measure

at a pixel Unavoidable noise

What we want to know
from camera

Fl(x,t) = I(x, t)[(#f * br) +(#autoF * braf)

+ CamNoise(t)
+(#overLap * bry;) + exc bground]

Excitation intensity, Fluorophore
Function of time and space overlap Bleedthrough from
filters



Dynamic applications of fluorescence
MICroscopy

e Cavalcade of acronymes...



Fluorescence Recovery after Photobleaching
(FRAP)
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Fluorescence intensity

Quantitying FRAP
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Quantifying FRAP

e We want to find the
time constant of
recovery

F(t) = A(1 — e t/T)

Assuming disc bleach and diffusionis in 2D
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In the FRAP curve, the immobile &

mobile fraction can be measured
by determining the plateau level.
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Diffusion
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FRAP and diffusion
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e Corrections

More on... Quantifying FRAP + Background

 Photobleaching

FRAP experimental data

Fror ()

1. Subtract background
Fror,pe (£) = Froi1(t) — Fropa (t)

—Unbleached
—\Whole cell

Bleached 2. Correct photobleaching
Background
Fro,pc (t)

F t) =
ROILBG’PB( ) FROIZ (t) - FROI4 (t)

3. Extract time constants

Kappel and Eils, Leica App.Letter 2004



FRAP applicationSa

} »AR=CFP and YFP=f} -AR and anti-YFP

e Lipid diffusion

1 YFP-ARIB and anti-YFP,

e Receptor binding
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FRAP/FLIP limitations

* Photobleaching must be very quick
(assumed to be instantaneous)

* High intensities of light must be used
e Potential photodamage
* Photobleaching, or triplet state?

* Incorporating models of 3D diffusion
is challenging



Photoactivatible proteins to the rescue
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Photoactivation

A Fluerescence Recovery After Photobleaching (FRAP)

olelole

B Flugrescence Loss in  Photobleaching (FLIP)
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Advanced techniques

Photoconversion Reactions in Optical Highlighters
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And on to Matlab...
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