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The STED-RICS microscope scans the fluorescent cell membrane with a light spot 

and, thus, an image is recorded. (Figure: P. N. Hedde/KIT) 

The newly developed STED-RICS microscopy method records 

rapid movements of molecules in live samples. By combining 

raster image correlation spectroscopy (RICS) with STED fluo-

rescence microscopy, researchers of Karlsruhe Institute of 

Technology (KIT) opened up new applications in medical re-

search, e.g. analyzing the dynamics of cell membranes at high 

protein concentrations. This method is now presented in Na-

ture Communications (doi: 10.1038/ncomms3093).    

How do individual biomolecules move in live cells, tissues, or organ-

isms? How do the biomolecules interact? These questions have to 

be answered to better understand the processes of life on the mo-

lecular level. STED fluorescence microscopy allows to pursue the 

movements and interactions of biomolecules in live samples with 

high spatial and temporal resolution. For this purpose, the structures 

to be studied are marked selectively using fluorescent dyes. Then, 

changes with time can be videotaped. However, the image se-

quence is rather slow, such that rapid molecule movements cannot 

be recorded directly. A group of KIT researchers around Professor 
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Gerd Ulrich Nienhaus from the Institute of Applied Physics (APH) 

and the Center for Functional Nanostructures (CFN) now presents a 

new method to measure such rapid molecule movements in live 

samples in the Nature Communications journal.  

The new method combines two types of microscopy. Using a confo-

cal scanning microscope, fluorescence images are recorded point 

by point at fixed time intervals. Hence, the images contain an implicit 

time structure. This information can be used with the help of raster 

image correlation spectroscopy (RICS) to determine the dynamics of 

biomolecules, such as proteins, in live cells or tissue samples. How-

ever, protein concentrations often are too high to apply RICS to-

gether with conventional microscopy. For this reason, the KIT re-

searchers combined the RICS method with STED microscopy (stim-

ulated emission depletion microscopy). When using STED, the light 

spot scanning the fluorescence image can be reduced considerably. 

This method has already been used successfully to reach a maxi-

mum resolution in the imaging of cells. A STED microscope is a 

fluorescence microscope, whose resolution is not limited by the 

Abbe limit.  

By combining raster image correlation spectroscopy with STED 

microscopy, KIT researchers have now succeeded in quantifying 

molecule dynamics in biological structures based on the raster im-

ages recorded. “This means that the STED-RICS method can be 

used to derive from any fluorescence image a highly resolved map 

of the number and movability of the marked molecules in the area 

scanned by the spot,” Gerd Ulrich Nienhaus explains.  

Professor Nienhaus’ working group consists of physicists, chemists, 

and biologists. Interdisciplinary cooperation is indispensable to cover 

all aspects when developing new microscopic instruments and 

methods for biophysical fundamental research. When applications 

are addressed, other KIT researchers join the team and contribute 

their knowledge of molecular processes. In the case of the STED-

RICS method, the team worked together with scientists from the 

Institute of Toxicology and Genetics (ITG) and the Cell and Devel-

opmental Biology Division of the Zoological Institute.  

The STED-RICS method opens up new measurement applications 

in life sciences. A major application is research into the dynamics of 

cell membranes. Numerous receptor proteins are embedded in the 

membranes. By interaction with externally docking ligand molecules, 

external signals are transmitted into the cell. With the help of STED-

RICS, the researchers can now determine precisely and quantita-

tively the movements of both lipids and receptors. Understanding of 
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these processes is of crucial importance to medical and pharmaceu-

tical research. Many pharmaceutical substances are based on influ-

encing these interactions. “About every second medical substance 

influences signal transduction of G-protein coupled receptors, an 

important sub-class,” Professor Nienhaus explains.  

Per Niklas Hedde, René M. Dörlich, Rosmarie Blomley, Dietmar 

Gradl, Emmanuel Oppong, Andrew C.B. Cato & G. Ulrich Nienhaus: 

Stimulated emission depletion-based raster image correlation 

spectroscopy reveals biomolecular dynamics in live cells. Nature 

Communications 4. 2013. Article number: 2093. 

doi:10.1038/ncomms3093.  

 

Karlsruhe Institute of Technology (KIT) is a public corporation 

according to the legislation of the state of Baden-Württemberg. 

It fulfills the mission of a university and the mission of a na-

tional research center of the Helmholtz Association. Research 

activities focus on energy, the natural and built environment as 

well as on society and technology and cover the whole range 

extending from fundamental aspects to application. With about 

9000 employees, including nearly 6000 staff members in the 

science and education sector, and 24000 students, KIT is one 

of the biggest research and education institutions in Europe. 

Work of KIT is based on the knowledge triangle of research, 

teaching, and innovation. 

This press release is available on the internet at www.kit.edu. 

 

The photo of printing quality may be downloaded under www.kit.edu 

or requested by mail to presse@kit.edu or phone +49 721 608-4 

7414. The photo may be used in the context given above exclusively. 

 

http://www.kit.edu/
http://www.kit.edu/
mailto:presse@kit.edu

