
Fluorescence Correlation and Cross-Correlation 

Spectroscopy for the measurement of molecular 

dynamics and interactions

Thorsten Wohland



Outline

ÅFluorescence  Correlation Spectroscopy (FCS)

ï Introduction to basics of FCS

ïHow to use amplitude, width and shape to obtain quantitative 

information 

ÅFluorescence Cross-Correlation Spectroscopy (FCCS)

ïMeasurement of interactions and affinity constants (Kds)

ÅFCS limitations and workarounds

Å Imaging FCS

ïMotivation and principles

ïExample: Organization of Wnt3 in zebrafish membranes
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Spectroscopyò, in Nanoscopy, CRC Press, 2010



Autocorrelations
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Short time shifts t

Blue: F(t)

Yellow: F(t+t)
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The intensity peaks always overlap to some extent and thus
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Long time shifts t

Blue: F(t)

Yellow: F(t+t)
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The intensity trace contains a random pattern of intensity peaks. Therefore an 

overlap of all/many peaks is only achievable at short times.
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Periodic signals
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The intensity trace contains a regular pattern of intensity peaks (i.e. it is 

repeated). Therefore an overlap of all/many peaks is achievable 

periodically and the correlation function will show that periodicity.



ACF: Autocorrelation 

Function (the 

correlation of a 

variable with itself)



How is an ACF calculated 

practically?

Intensity values recorded every nanosecond

é
To calculate the correlation for the range 

of seconds you would need 1 billion 

values é
é

é

é

If we make the time bins larger then we 

lose the information at short times.

So best would be to use a varying time scheme.

T. Wohland, R.Rigler, H. Vogel, Biophys. J. 2001, 80(6), 2987-2999.



Correlation Time Schemes

The tyipical scheme used is called the semi-logarithmic time scale. The first n 

channels have a time Dt. The second group contains n/2 channels with 2Dt. The 

next group n/2 channels with 4Dt. 
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Correlation Time Schemes

The tyipical scheme used is called the semi-logarithmic time scale. The first n 

channels have a time Dt. The second group contains n/2 channels with 2Dt. The 

next group n/2 channels with 4Dt. 

Dt
n=16

2Dt

n=8

4Dt

n=8
é

1) Each time a new measurement of lengthDtcomes in, calculate all ACF 

values for lag times 0 to 16Dt.

2) After 2 measurements of Dt, correlate the last two newest 

measurements with all channels in group 2. Then take the last two 

channels of group 1 and combine them into one channel with width 2Dt

of group 2 and shift. 

. . . . . .



Confocal FCS setup
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FCS: Characteristic Parameters
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Correlation Functions
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Correlation Functions
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Data Fitting: Raw data
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Tmax

Dt

Afterpulsing (APD)



Removal of afterpulsing by 

cross-correlation
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Data Fitting: Raw data
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antibunching

Convergence at 

long times to 1

diffusion

Rotation~ 10 ns

Triplets ~ ms


