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Motivation – Protein dynamics

- “In fact, the ‘speed limit’ of protein folding is supposed to be ~1
ms and it closely relates to the roughness of the folding free energy
landscape as well as to the internal friction of the polypeptide chain
in the unfolded state.”

- “In spite of the importance of microsecond dynamics of proteins,
application of the conventional smFRET technique is limited to
dynamics slower than ~100 ms because of the difficulty in
collecting a sufficient number of photons to evaluate the FRET
efficiency in a short bin time.”



Setup: 2D Fluorescence Lifetime 
Correlation Spectroscopy (2D-FLCS)

1. Ti:Sa oscillator: Coherent Mira 900-F,
76 MHz (~ 13 ns in pulse interval) centered at 
775 nm

2. OPO: Coherent Mira- OPO with intracavity
frequency doubling
tuned to 540 nm, ~40 mW at the entrance of 
microscope.

3. SHG (optional and not used in this exp)

4. Objective lens: Nikon S Fluor 100×H, N.A. = 
1.3 (mounted in Nikon TE-2000U microscope)

5. DM: Chroma Technology 585/40m

6. APD: id Quantique id100-20-ULN (~50 ps 
fwhm in instrumental response)

7. TCSPC module: Becker & Hickl SPC 140



Method: 2D Fluorescence Lifetime 
Correlation Spectroscopy (2D-FLCS)
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Method: 2D Fluorescence Lifetime 
Correlation Spectroscopy (2D-FLCS)



Sample – Cyt c protein

*Yeast iso-1-cytochrome c (cyt c): electron transporting protein

MTEFKAGSAK KGATLFKTRC LQCHTVEKGG PHKVGPNLHG IFGRHSGQAE 

GYSYTDANIK KNVLWDENNM SEYLTNPKKY IPGTKMAFGG LKKEKDRNDL 

ITYLKKACE

Conformation change occurs 
with pH variation.
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Sample – Cyt c protein

*Yeast iso-1-cytochrome c (cyt c): electron transporting protein



Donor dye – Alexa Fluor 546

Excitation 
center 

wavelength: 
540 nm

Ex) Alexa Fluor 546 C5

In, PBS solution (50 mM potassium 
phosphate, 150 mM NaCl, pH 7.2) at 22oC.
– t~4.1 ns / QY~ 0.79.

Fe2+

Fe3+

Overlap btw 
absorption band of 
heam in cyt c and 
Alexa 546 emission 
band.



Experimental Results
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Experimental Results – 2D FLCS

N, I1, {I2, I3}, U

sp1 sp2 sp3 sp4



Experimental Results
-Autocorrelation peak vs DT



Experimental Results
-Autocorrelation peak vs DT
For fitting N, I1 auto and cross correlation

For fitting Ien, U auto correlation



Energy landscape



Summary

1.Few ms conformation change between 
sub states can be resolved by 2D-FLCS. 

2. Auto correlation curves of sub states U and Ien, decaying profile can 
only be explained by introducing another state (dark states).  

3. Relationship energy landscape and conformation change is described.   


