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Microscale thermophoresis: Microscale thermophoresis can quantify the binding 

affinities of ligands and discriminate between binding sites. This method is suitable for 

studying binding interactions of very small amounts of protein in solution. The method 

detects changes in the hydration shell, charge or size of molecules. It allows a wide 

range of biomolecular interactions to be measured under close-to-native conditions (no 

label is required and any buffer can be used). 

 

The method is implemented with an infrared-laser that generates a microscopic 

temperature gradient in a sample within a glass capillary. Fluorescence is used to 

monitor the motion of molecules along the temperature gradient. The fluorescence can 

be either intrinsic (e.g. tryptophan) or extrinsic (e.g. GFP).  The solvation entropy and 

the hydration shell have been identified as key factors that define the movement of 

molecules along the temperature gradient. This movement is called thermophoresis 

which is very sensitive to changes in the hydration shell of the protein being observed. 

Since ligand binding changes the hydration shell, thermophoresis changes can be used 

to determine binding affinities.  

 

Question.  Study Figures 1 and 2 and explain the method in your own words 

Answer. A capillary containing a solution of a protein with intrinsic tryptophan 

fluorescence is placed on a device that keeps it at a constant temperature (TC). 

Fluorescence is excited with applied (blue) UV light and the (green) fluorescence is 

detected with a photomultiplier tube (PMT). The solution inside the capillary is locally 

heated with IR laser light (red), which is coupled into the fluorescence microscope using 

an IR-reflecting ‘hot’ mirror. B) The fluorescence detected from the heated spot is 

plotted as a function of time (seconds). After the IR laser is switched on, the 

fluorescence decreases as the temperature increases partly due to thermophoresis. The 

example illustrates the differences observed for a 2M solution of ionotropic glutamate 

receptor (iGluR2) with and without glutamate ligand. Figure 2 shows the derived 

binding curves and the KD values obtained for glutamate and a derivative.  
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