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Foster Resonance Energy Transfer (FRET) 



FRET



FRET

2-8 nm
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Localization



Fluorescence Imaging with One 
Nanometer Accuracy (FIONA)



Fluorescence Imaging with One‐
Nanometer Accuracy (FIONA)















Single‐molecule High‐Resolution 
Colocalization (SHREC)



Super‐Resolution Microscopy
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TIRF images             Super-resolution images

Multicolor superresolution fluorescence imaging

500 nm
500 nm

5 μm5 μm

Vinculin

Actin filament

1. Characteristic distance between focal adhesion 
complexes.

2. Cross-correlation between different focal 
adhesion complexes.

3. Number of focal adhesion complexes at different 
adhesion types.

Objective

Vinculin

Actin filament

Fibrillar Adhesions 
(FB)

Focal Adhesions
(FA)

Focal Contacts
(FC)

J. Cell Sci. (2010).



Focal adhesion complexes
FAK & Vinculin Paxillin & Vinculin

FAK & Integrin 5Actinin & Vinculin



Focal adhesion complexes on HS and pattern ECM surface

HS 600 nm 400 nm

Vinculin
&

FAK

Vinculin
&

Paxillin

Vinculin
&

Actinin

250 nm



Direct stochastic optical reconstruction microscopy (dSTORM) 

Angew. Chem. Int. Ed. 2008, 2009, Nature protocols 2011

Reversible photoswitching mechanism of standard fluorophores 

Localization imaging concept Multicolor imaging



Multicolor super‐resolution fluorescence microscopy

Multicolor localization imaging system
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Penetration depth of evanescent wave:

Epifluorescence TIRF

TIRF microscope with dual-view configuration:

5 μm5 μm

Total internal reflection (TIR) concept

S: shutter, P: polarizer, M: mirror, BE: beam expander, DM: 
dichroic mirror, L: lens, BFP: back focal plane, F: filter, PD: 
photodiode



Distance alignment of dual color imaging
Spatial localization

692/40 525/45

Multi fluorescence sphere

TIRF images with dual-view system
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Distance alignment of dual color imaging
Coordinates transformation matrix in long term measurement

692/40 525/45
TIRF images with dual-view systemImage 1

Image 2
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Alignment concept
Corrected with 25 reference markers 
in the image
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TIRF images

Super-resolution localization imaging of focal adhesion complexes

Super-resolution images
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TIRF images

Super-resolution localization imaging of focal adhesion complexes

Super-resolution images
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Pair distance analysis 
Concept 
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Pair distance analysis 

Vin‐Vin FAK‐FAK

Total molecular number 16469 9484

Molecular number of per 
adhesion 1029.3±561.2 862.2±356.3
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Pair distance analysis 

Pair distance ≦100 nm
Davg: 62.3 ± 24.7 nm

Pair distance ≦100 nm
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Pair distance ≦100 nm
Davg: 62.6 ± 25.0 nm
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Model of Signal Transduction

Cell 134, 496 (2008)

Granulocyte-macrophage colony-stimulating factor (GM-CSF)



TIRF images

Super-resolution images

2 μm

2 μm

Sample: AB+

Molecular number: 1778Molecular number: 9580

Super-resolution localization imaging

GMRc

GMRc



Super-resolution images

2 μm

2 μm

Sample: W+ TIRF images

Super-resolution localization imaging

GMRc

GMRc
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Clathrin-coated pits (CCPs) in BS-C-1 cells

Science 319, 810 (2008)



Nature methods 6, (2009)

Pair correlation analysis

ρ(r) is the density of molecules at distance.

r from a given molecule.

is the average density of molecules, with 
this ratio averaged over the entire ensemble 
of molecules.




