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Understanding Diffusion in Cells and Living Tissues

Jung Kyung Kim

Abstract. Macromolecule diffusion in cells and tissues is important for cell signaling, metabolism and
locomotion. Biophysical methods, including non-invasive or minimally invasive in-vivo photobleaching
techniques and single quantum-dot tracking, have been used to measure the rates of macromolecule dif-
fusion in living cells and tissues, including central nervous system and tumors. Mathematical modeling
and statistical analysis of experimental data revealed various modes of diffusion, which are strongly cou-
pled with spatiotemporal changes in nanoscale structures and material properties.
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Fig. 1. Self-polarization and directional motility.
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Fig. 2. Control of signaling pathways by cell size.
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Table 1. Live cell imaging techniques for
diffusion measurements

Point Measurement Techniques
-Fluorescence Correlation Spectroscopy
-Fluorescence Recovery After Photobleaching
-Fluorescence Resonance Energy Transfer

Field Imaging Techniques
-Time Lapse Microscopy
-Confocal Microscopy
-Total Internal Reflection Microscopy
-Fluorescence Ratio Imaging

Particle Tracking Techniques
-Single Particle Tracking
-Multiple Particle Tracking Microrheology

A7

3.3 & =H0IM it 5F

A Yo AeEe & 8- 7 A8Yo] &
2 VehlZ] 93l g6 AgHolofr 3k B3
(3FE ) Table 29t 2] A2idd < Ut

AL FE ZoM v ERd L itz gk A
Yol EFo] RN Feolgte FEHHIY
oflA Fart selEA g ATt wiEi. o
42 59 shie A ERd S g AA YD
e 2ol dzFog axd oz ALEHA %7
ujF-olc}.

AR oM AFEALGE LS Jpste FES] 4
o Y2 e A2 EX1%, FH), St 2
& o2 B35k AjA Wt opg), g2 e] 718t
B 1z, 33, AXY71Ze] 4 &7 Fol vt
olalgh ¢=3 Ul HEHEE Walske ot S
s} FEe] ke TR WA BFHoR
BF7Hg 4 e o|EFH AT el SHETH, ¥x
oo oA WAUF o3& B3l dEXNLRE
S SANFZ GEE FE F e WS g
T g Aoz 7|t

Thiagarajah 572 &=3] Zlo] X8 A 2|
BoFEo] AEHE &S sk gAY &
g EAs A Mz BEEE 718 Micro-
fiberoptic Epifluorescence Photobleaching 71'3-& 7
AT 4 um AL 2 RS G AYst
o 7)1& goee 2% 230 Bhsid gz
& A GEHA 200 um 0] BoR X3l &
Argo) 100 o)} gtk dvile AEAFAE &
< 7 AU

3.4 MIZtoIAM 2o £H

Haggie 592 ARG £ % U=y
g NEL EAlgke g4l T2 CFIR
(Cystic Fibrosis Transmembrane Conductance Regulator)

Table 2. Therapeutic agents delivered to tumor cells®

Cancer Treatment
chemotherapy
radiation therapy
photodynamic therapy
antiangiogenesis therapy

Therapeutic agents
cytotoxic agent
oxygen
photosensitizer
antiangiogenic agents

antibodies conjugated with
toxins or radioisotopes

immunotherapy

vectors(macromolecules or
nanoparticles)

gene therapy
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Fig. 3. Diffusion coefficients determined by FRAP and SPT techniques.
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