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Fluorophore saturation

* High excitation intensity — more emitted photons — better signal/noise ratio

e BUT: risk of fluorophore saturation

* Fluorophores can be considered to be “enzymes” converting excitation photons to

emitted photons. Koy =0V ke
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Fluorophore saturation

—— lIgnoring fluorophore saturation
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Consequence: fluorescence intensity is not any more
proportional to the excitation intensity.
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Effect of fluorophore saturation on FRET: the donor side
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Fluorophore saturation in the presence of the triplet state

In equilibrium:
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Fluorophore saturation in the presence of triplet state

Fluorescence intensities of a fluorophore normalized to the limit at ®—w
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Donor (with T state) + acceptor
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FRET calculated from donor quenching:
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Intentional misestimation of the photon flux (D)

Fitted line

Options

- model involving the triplet state: a lot
of unknown parameters

- model disregarding the triplet state:
most likely wrong model

>

>
Laser intensity

Fluorescence intensity

Consequence of fitting with the wrong model:

* The degree of saturation of the S, state is significantly larger if the triplet state is

present.

* If the photon flux is estimated from the degree of S, saturation in a system where
the triplet state is populated according to a model in which the triplet state is
neglected, the photon flux will be overestimated
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Calculation of the effect of saturation on the FRET efficiency

Predicting the effect of
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Effect of fluorophore saturation on FRET: both sides

In equilibrium:
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Parameter o

o, characterizes how efficiently an excited
acceptor can be detected in the FRET channel
compared to an excited donor in the donor
channel.
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Fluorescence intensities at fluorophore saturation: determination of o
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Series expansion about @=0 and substituting K, =— yields:
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Consequence of the above for calculation of a:
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Solve the intensity-based equation set for E

Donor intensity FRET intensity Acceptor intensity
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In equilibrium:

oS o o O

DA

all

Effect of fluorophore saturation and FRET frustration on E
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Effect of fluorophore saturation and FRET frustration on E

Applying the same strategy as before:
1. Write the donor and acceptor intensities in [, — /5

+DA k

ID,X =D A kf,D o, x £0 Mo x
* % * O-A(D) TA ®D
l,=(D'A"+DA ) k, , 1, , A 5 K, 4 Tax
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2. Solutions for Iy, and /, , were inserted into the equation set below:

I, = ID,l +IA,1
l, = ID,2 + IA,2
I, = /D,3 +IA,3

3. A numerical solution of this cubic equation set for E was found numerically.

Problems considered:
- donor saturation
- acceptor saturation and FRET frustration
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