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General Principles of FCS 

• FCS can be considered a branch of Dynamic 
Light scattering under non-Guassian 
Conditions. 

• The fluorescent signal may be generated by 
laser excitation of natively fluorescent 
molecules or fluorescently tagged molecules. 

• It involves the analysis of the intensity of the 
fluorescent signal originating  from a very 
small volume. 



FCS Block Diagram 

• Dichroic Mirror: 
A filter lens that 
passes light of a 
single color and  
reflects light of 
another color  



Effects of Brownian Motion 

• Diffusion of Fluorescent molecules into and 
out of the volume illuminated by the laser 
results in the stochastic fluctuations in the 
intensity of the florescent signal. 

• The relative amplitude of the fluorescent 
signal intensity is inversely proportional to the 
square of the number of fluorescent 
molecules contained in the volume. 



Molecular Weight by FCS 

 



 



Autocorrelation function definitions 



Diffusion Time 

• The relation between the auto correlation 
function G(τ) and the diffusion time τav is: 

 

 

 

• The diffusion time τav  characterizes the 
average time it takes for a molecule to diffuse 
though the radial part of the observation 
volume of the microscope. 

 



For Variable Volumes 

• Diffusion time is not constant when changes 
are made to the observation volume 
illuminated by the laser. The relationship 
between diffusion time and diffusion 
coefficient is  

 



Accounting for Diffusion in 3 
Dimensions 

 



In Vivo FCS 

• FCS may be carried out in vitro as well as in vivo. 

• In a complex biological environment no 
conventional diffusion constant can be specified 
because there are many different modes of 
mobility.  

• That is, molecules may diffuse through multiple  
dimensions and mediums or be aided by cellular 
events which speed their movement. 



 

Anomalous diffusion: diffusion with a non-linear relationship to time 



Tackling Multi-Component Systems 
 
• However, if the environment 

is broken up into 
components and multiple 
kinds of fluorescent probes 
are used, diffusion 
coefficients for each 
different environment may 
be obtained. 

• In a multicomponent system, 
the correlation curve is 
evaluated by standard 
Marquardt non-linear least-
squares fitting routine. 
 



 



Dual-Color Fluorescence Cross-
Correlation Spectroscopy (FCCS) 

• FCCS is an extension of FCS 

• Correlation of intensity from one channel, 
with that from the other channel, shifted by a 
time interval 

• Applications 
– Molecular Interaction 

– Characterize enzymatic cleavage 

– Analysis of complex systems 

– Analysis of intracellular transport 



FCCS Schematic 

• Light from 2 lasers into a single-
mode fiber. 

• Illuminates the back of the 
objective and is focused in the 
sample. 

• Fluorophores in the sample are 
excited 

• The fluorescence emission is 
collected back through the 
objective and separated from the 
excitation by the first mirror. 





Correlation 



Hybridisation Kinetic 



Advantages and Disadvantages of FCCS  

Advantages:  

• Measures single and multiple component diffusion  

• Measures physiological concentrations  

• Measures also fast dynamics 

 

Disadvantages:  

• Measurements depend on concentration fluctuations 

• Does not measure immobile fraction 

• Both binding partners need to be labeled completely  

• Quantitative measurements sometimes problematic 


