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Development of Image-based Fluorescence Photobleaching Technique for
Measuring Macromolecule Diffusion in Biological Porous Medium

Donghee Lee, Jeonghoon Lee, Choonho Park and Jung Kyung Kim

Abstract. Fluorescence recovery after photobleaching (FRAP) has been widely used for the measurement
of molecular diffusion in living cells and tissues. We developed an image-based FRAP (iFRAP) technique
using a modified real-time microscope and a 488 nm Ar-ion laser. A fractional intensity curve was
obtained from the time-lapse images of fluorescence recovery in the bleached spot to determine the dif-
fusion coefficient of fluorescently labeled macromolecules in porous medium. We validated FRAP
through experiments with agar gels {0.5% and 1.5% w/v) containing FITC-Dextrans (10, 70 and 500 kDa
MW). Further validation was performed by a Monte Carlo approach, where we simulated the three-dimen-
sional random walk of macromolecules in agar gel model. Diffusion coefficients were deduced from the
mean square displacement curves and showed good agreements with those measured by FRAP.
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J{D) « Fractional intensity

D : Diffusion coefficient

w : Radius of laser beam profile
kz: Boltzmann's constant

1 : Viscosity of medium

T . Absolute ternperature
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Fig. 1. Diagram of images-based FRAP (iFRAP) setup.
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Fig. 2. Fluorescence images before and at indicated
times after photobleaching.

o rRE Ansl] 2459

2.4 AR AN
F(E o18-5to] 353 3|& TS Fig, 33} Zro] &
€ o0 AGE 8 Bde 24T 490193 7}
ekl ARG ARgste] ARk TR
2
= w :
~0.224(2) o
U1 I I A E:

Vv:l:‘ E‘“ }‘1 E‘, Ty o
50% 3 EHE Ao 2R F3HATh

2.5 2HZIER AlS80jM
4% A9 AZ57] 99 MatlabS ol&3
EZ AEYIAS s} YAke) B
ps

P
Pe TSR o

287F

_.

b2
1-83te) vehlom 24z
© e Uehdol, gelge] 7] 9 704 He %
55 ok YA A, A A7), JR] olF
5ol TuEE WAk Rt 01%—/1E4
A3y o] Vel = ok A3y e 9 ¢
zhel FApge] mpE olFAYE 4"‘%‘%"21 ol
52 HE o]8sle] AojEe 1AL =
PR AR FERS A5NE SES
o= 3o gFFog $Hox

2

_L‘

J
il
o
Qlﬁ
32
v

Ax(=,[2D.1 3)

Dy _6nmpry, _ Tyt @_I(MW 3]
Dy kT, Tymory Ty \MW,
61N,y

7} Bzle] ™0 2 RE] MSDE Albsle] Bxtekal
359 A7)d) wE Pry) sakgel HilE B9
=3

3.8 ¢ g9

oiarg v oy gste] a7)7) S%W—gf»ﬂ FEE ol
ks 7H S AlS o] S-S FEE(0.5%,
1.5%)% 4510t o bde) =g 7“46‘ ol of
7} w57t o Hde] 35 71E ARk el
0.5%, 1.5% o7Pd F=¢] e 27 242 450 nm,
150nm& 23 vh JH0 257 mse] 7HH0 T A&
ol B3l HGE 05% oYM FITC-
Dextran2] #AFgo) w2 3] 8 2HofA] Halgo]
2+SE mobile fraction®] W& RS ¢ T UtHFig.
3). g -,*‘;(}.El:oﬂ whE Balbg ﬂ.x}ako] ARG B whE
] O]o_}]+_ VARR 0 oL 1;}_(3) IFRAP /\1-54 Lo} Eg}oq
A& P Era 0 2 RE A2 IAGE o8-8l
AL B tﬂ}é AR HIE Fig. 4l Yie}
Witk =gl A FITC-Dexran 70 kDa#} 500 kDa®]
A 571 10 kDad] BtAle] vjsl 242t 50%, 63%
A ERgTE ol Pl 0.5%0 BAAS e 7t
7} 46%, 63%, F7FA 1.5%AA BAAIE 2HA S-S 7}
Z} 44%, 67%% FAFHAT

1.0 4 e | QKD &4
T e 7O D S
——500kDa
0.8 -
z
B
5 06-
IS
T 04
S
g ]
© 0.2
u.
0.04
T T T H 1
0 10 20 30 40 50
Time(s)

Fig. 3, Fractional fluorescence intensity after photo-
bleaching (0.5% agar gel).
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Fig. 4. Diffusion coefficients of FITC-Dextrans (10, 70
and 500 kDa) measured by /FRAP in solution
and agar gels (0.5 and 1.5% w/v).
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Fig. 5. Representative trajectories of two molecules diffused
in porous medium
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Table 1. Decrement of diffusion coefficients compared
with diffusion coefficients at 10 kDa

Sample M@:;ﬁlfr FRAP  Simulation
Solution 70 kDa 50% 3%
500 kDa 63% 73%
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