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FLIM-FRET and Phasor Analysis 

• FLIM: Fluorescence life time imaging microscopy 
– Measured with time domain and frequency domain 

• FRET: Förster resonance energy transfer 
– Donor only 
– Change in lifetime of donor (CFP) represents energy 

transfer to acceptor (YFP) 
• Phasor analysis 

– A way to graph and analyze the time domain and 
frequency domain detected with FLIM 

– Provides a global view of FLIM data for each pixel in 
the image 
 
 



(Enrico Gratton and Alexander Dvornikov, LFD UCI)  
 



Florescence Life Time Measured with the 
Time Domain and Frequency Domain 

A sample is flashed many times by a short duration laser source 
 
The histogram of the time intervals between the excitation 
flash, and 1st emitted photon is measured 

A sample is excited by a modulated light source 
 
The fluorescence emission has the same frequency but is 
modulated and phase-shifted from the excitation source 
 

lfd 

(Michelle Digman, LFD UCI) 
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Presentation Notes
http://lambert-instruments.asweb.nl/beeldbank/frequency-reference-sample.jpg
TIME DOMAIN: the histogram of the delays provided that you have the proper hardeware set up
http://physicsweb.org/objects/world/12/6/8/pw-12-6-8-fig1.gif
In the frequency domain  the sample is excited by a modulated source of light. The fluorescence emitted by the sample has a similar waveform, but is modulated and phase-shifted from the excitation curve.






The Phasor Plot (Universal circle) 
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CFP-YFP FRET 

Dual Chain Single Chain 



The FRET calculator 
If we have a donor with a single exponential decay that is quenched by the 
presence of a acceptor. What should we expect? 

The lifetime of the donor is quenched 
The FRET efficiency can be calculated by the 
ratio of the two lifetimes 

The lifetime of the donor is along a different 
“trajectory”, Why is the trajectory an arc rather 
than a line to the (1,0) point? 

lfd 



As the lifetime of the Donor is quenched, the 
phasor of the quenched Donor is added to the 
phasor of the autofluorescence 

If there is a fraction of Donor that cannot be 
quenched, the final point will be along the 
line joining the Donor with the 
autofluorescence phasor 

The FRET Calculator  lfd 
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FRET signal is independent of intensity with phasor analysis 
(Measured with donor only) 
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Presentation Notes
Drive home:
Better than normal FRET 
	Normal FRET lots of manipulations to correct for Fluorophore concentration bleaching, image aligment
	FLIM doesn’t have this because is dependent on one fluorophore life time 
	Because lifetime is a rate (decay over time)  it is not dependent on concentration of the fluorophore,
	Application of the phasor plot makes the data does not require the heavy manipulations FRET data requires
		Lifetime graphed on the phasor has a ver specific point, this shifts when FRET occurs because the other Fluorophore absorbs the electrons leading to a shift it’s life time and location on the phasor.
Two photon is less toxicHave image of cells where single cursor is moved around  phasor and pixels become highlighted (relate this to FRET calculator – two images- 0 and top level FRET, then pic of linked to create gradient






Centrosome organization and 
function  

(Kodani, et al. MBoC, 2009) 

Cdc42- 
GTP 

Cdc42 is an essential regulator of 
the cell 

(Filopodia formation) 
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Retrograde Transport 
(Golgi-ER) 

(Dubois, et al. Nat Cell Bio, 
2005) 
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(Egorov, et al. MBoC, 2009) 
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Cell Survival 
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Cdc42 is a functional component of the Golgi 
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Presentation Notes
-To begin I’d like to talk about Cdc42 because it is essential to cells and has a number of critical functions
-Cdc42 acts as a Small molecular switch of the rho GTPase family which binds proteins and to control downstream pathways. 
-Cdc42 is prolific in the number of proteins it can bind an it has been suggested to have at least 27 effector proteins, but it is primarily known for polarization, which is often mediated through actin 
-Cdc42’s best known interactor is probably N-WASP, which Cdc42 activates to trigger a cascade that leads to actin nucleation
-like many rho GTPases many of Cdc42’s functions are mediated through actin.
-For example one of the ways Cdc42 contributes to polarization in the cell is to recruit actin to the leading edge of cells for migration, this can triggers other factors that lead to polarizationas well, such as the recruitment of Par6/aPKC which has been proposed to be recruited to sites where Cdc42 nucleates actin, and Cdc42 interacts with Par6/aPKC to establish and maintain polarity. 
-the recruitment of actin, by Cdc42, depending on the time and space can also recruit other Rho GTPasessuch as rac which are needed for polarization or polarized related functions like, migragtion, and Rac is associated with forming lammelpodia,
-Cdc42 on the other hand is associated with the pillopodia.
-
-Cdc42 also has functions that are not directly linked with actin that are critical to the cell, such as signaling in the JNK pathway which is associated with apoptosis and cell survival by activating and targeting MLK3 to the membrane for interactions with cJNK, 

Cdc42 is also unique compared to other rho GTPases because it has been found to be a functional component of the Golgi apparatus. The Golgi is an essential organelle to the cell and  one of it’s key functions is to function as a central component of the secretory system for protein modification and transport. Cdc42 it functions to control both retrograde and anterograde transport which are thought to be related to actin controlled functions but other proteins may be involved so it is not entirely clear, and it has been indicated that it can control centrosome organization, which is also seen with the loss of some proteins at the Golgi that can control Cdc42 activity, which I will come back to shortly. 
Right now we have an idea of what Cdc42 is doing at the Golgi but we don’t really understand how because how Cdc42 is regulated at that Golgi is not well understood
--------------------

----- Meeting Notes (8/26/13 13:38) -----
Simplify.
Mention a lot about the role of Cdc42 in x pathway but not the Golgi……





Cdc42-Flare ManII-mCherry U2OS cell line 



Higher resolution with Tuba depleted 
cells 

Whole Cell  Zoom in on Golgi Whole Cell  Zoom in on Golgi 
Scrambled Tuba KD 

Tuba 

ManII 

N-Wasp 

Cdc42 

Cdc42 + N-wasp ManII Cdc42 + N-wasp Cdc42 + N-wasp Cdc42 + N-wasp ManII ManII 

Cdc42 Cdc42 Cdc42 

N-Wasp N-Wasp N-Wasp 

Tuba 



Higher resolution with Tuba depleted 
cells 
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