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• FRAP (fluorescence recovery after photobleaching)
an optical technique capable of quantifying two
dimensional lateral diffusion of
Ø a fluorescently labeled thin film 
Ø a single cell

Introduction of FRAP
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• An FRAP experiment provides information including:
1. transport process type, i.e. the admixture of

random diffusion and uniform directed flow
2. the diffusion constant and/or flow velocity
3. the fraction of total fluorophore which is mobile.

Recovering Intensity F(t)
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• Our goal is to derive the model of FRAP, processing
data to obtain parameters we want using MATLAB.

• In the earliest work, a fitting formula for the FRAP of
DOPC has been developed. However, when fitting the
data based on GPMVs, the equation does not fit very
well.
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The Goal of The Research

R2 for diffusivity: 0.9598 R2 for diffusivity: 0.7632
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• Possible Solution
Ø Adjustment of FRAP theory

ex. differences of diffusivity between two layers    
of GPMVs

Ø Adjustment of MATLAB code
ex. the adjustment of the way of approximation Th
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• Theoretical modeling of FRAP

Ø Assumptions of the Analysis

Ø The process of photobleaching

Ø The intensity profile of laser beam

Ø The recovery of photobleaching
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When analyzing the kinetics of FRAP, we made following
assumptions:
1. Laser beam: paraxial and Gaussian distributed

p7

2. The intensity and power of laser is constant with time
3. Diffusion occurs only after the laser beam stops acting.

4. Photobleaching is a irreversible 1st order reaction.

5. The recovery of photobleaching is pure diffusion and    
circular symmetric.

6. The fluorescence intensity of fluorophore is 
proportional to its concentration.



The Process of Photobleaching
1. Assume photobleaching is an irreversible 1st reaction,
we have:

with initial condition C(r,0)=C0

Solving the differential equation, we have:

If the photobleaching last for a period T
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Therefore, we obtain

Also, we define the bleaching parameter as

Now, we are going to find I(r), i.e. the intensity profile
to see the importance of K on C(r,0).

Th
eo

re
tic

al
M

od
el

in
g

of
FR

AP

p9

-T t0

Time

Photobleaching
of period T Recovery starts here

Time
T t0



The Intensity Profile of Laser Beam
According to the Gaussian distribution, we could assume
the intensity profile as I(r)= Aexp(-Cr2)

We solve the coefficient A and C for we know that I(r)
must satisfy conditions as follows:
1. Definition of intensity: (P0 is the power of laser beam.)
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2. Paraxial Approximation:

where w(z) is the radius where the intensity is 1/e2 of that
of axis.
Consider the maximum of the intensity:

Therefore, we have

For a paraxial ray with radius r, its power can be
expressed as:
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Recall that

Substitute into the expression of C(r,0), we obtain

Plot C(r,0)/C0 v.s. r/w as follows:

And from the figure we can
know that for larger K, C/C0 is
smaller, which means more
fluorophores have been
photobleached.Th
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The Recovery of Photobleaching
The essence of the recovery is actually a diffusive
motion. Thus, we can write:

As a result of pure diffusion and circular symmetry,
the equation reduces to:   

Nonhomogenous

Th
eo

re
tic

al
M

od
el

in
g

of
FR

AP

p13



Th
eo

re
tic

al
M

od
el

in
g

of
FR

AP

Solving Ck(r,t)	based	on	the	previous	PDE,	we	obtain	Fk(t)

Define fluorescence Fk(t) as 

(q: overall quantum efficiency; A: attenuation factor)

and its fractional form as 
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On the other hand, 

and

By substitution, we may obtain
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• Data Processing using MATLAB

Ø The main structure of MATLAB codes

Ø Results obtained by MATLAB

Ø Discussion
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Step 1: Set the route of file reading 
Step 2: Plot the intensity profile at t=0 
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The Main Structure of MATLAB Codes
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The Main Structure of MATLAB Codes



Step 3: Plot the intensity profile before bleaching
Step 4: Plot the normalized intensity profile at t=0 
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Step 3: Plot the intensity profile before bleaching
Step 4: Plot the normalized intensity profile at t=0 
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Step 5: Define the photobleached area and 
determine its centroid
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Step 5: Define the photobleached area and 
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Step 5: Define the photobleached area and 
determine its centroid

Da
ta

Pr
oc

es
sin

g
U

sin
g

M
AT

LA
B

p19



Step 6: Coordinate transformation and 
computation of intensity at radius r  

centroid
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I (nx,ny+1)

I (x,y)

I (nx,ny-1)

I (nx,ny)

I (nx+1,ny)I (nx-1,ny)

Step 6: Coordinate transformation and 
computation of intensity at radius r  
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Step 7: Find the optimized radius for Gaussian 
fitting and the normalized intensity profile
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Step 7: Find the optimized radius for Gaussian 
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Step 7: Find the optimized radius for Gaussian 
fitting and the normalized intensity profile
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For 

and its fractional form 

Step 8: Plot the FRAP recovery curve

Before coding, recall the definition of fluorescence 

we have
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Step 8: Plot the FRAP recovery curve

Here, note that before bleaching 

Therefore, 
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Similary,
Step 8: Plot the FRAP recovery curve
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Step 9: Determine the diffusivity and the 
mobile fraction of fluorophore
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Step 9: Determine the diffusivity and the 
mobile fraction of fluorophore
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R2 = 0.9998
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Step 10: Output the results to an Excel file 
and command window of MATLAB

Da
ta

Pr
oc

es
sin

g
U

sin
g

M
AT

LA
B

p30



Step 10: Output the results to an Excel file 
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Main Structure of MATLAB codes

Set the file route

Intensity profile at t = 0

(Plot)
Normalized intensity profile at t = 0

Intensity profile at before bleaching

Photoleached area and
its centroid

(Determine)

Coordinates transformation &
Calculation of intensity at r at any time t

Use nonlinear regression to determine K and w

Plot the results of Gaussian fitting

Plot the time-dependent spatial intensity
profile of flurophore

Plot the FRAP
recovery curve

Determine diffusivity
and mobile fractionOutput the results
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Results obtained by MATLAB
Pure DOPC
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DOPC with GPMVs aside
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GPMVs
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Dealing with the huge deviation of Sample 3 in 
the case of GPMVs, we considered that the 
outcomes may be influenced by other GPMVs.   

We cropped the photo and reanalyzed it as follows:
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1. Diffusivity 
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2. R2	for Diffusivity 
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From the presentation above, we know that the 
modified MATLAB codes can analyze the 
diffusion of fluorophore satisfactorily. Still, there 
are some improvements can be made:

1. Incorporation of self-cropping function
2. Time shortening when dealing with the time-

dependent spatial profile of fluorophore
3. A more appropriate determination of the 

photobleached area.
4. Investigation of influences caused by 

domination of reaction or diffusion
5. Trial of different kinetics of photobleaching

Future Work & Conclusion
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