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Channelrhodopsin-2 (ChR2) is a light-gated cation channel from the unicellular algae 
Chlamydomonas reinhardtii.1 It is a promising tool in optogenetics, where it is used to induce 
action potentials in neuronal cells by light.2 ChR2 is a seven transmembrane protein with retinal 
as a chromophore. After blue light excitation the retinal isomerizes and the protein undergoes a 
photocycle with different structural intermediates characterized in the visible and infrared (IR).3-5  
Here, we observe transient absorbance changes in the IR region recorded by a new quantum 
cascade laser (QCL) setup. The setup has a time resolution of 10 ns, a spectral resolution of 
0.001 cm-1 and an emission power of 200 mW/cm-1. With this technical advancement we 
measured the deuterium kinetic isotope effect (KIE) on ChR2-wt. In the carboxylic region we 
observe a large KIE (> 2) for the negative band at 1735 cm-1 which corresponds to the primary 
proton donor (D156).5 Under H/D exchange this C=O stretching vibration should down shift in 
frequency but this could not be observed.6,7 To clarify this unusual frequency shift we investigate 
the ChR2-D156E variant where the negative band of the D156 band is already up shifted by 26 
cm-1 wavenumbers to 1763 cm-1. In this spectral range we can observe a clear deuterium 
isotope effect which results in a spectral down shift by 8 cm-1. We demonstrate the H/D 
exchangeability of the residue at position 156 which supports the assignment of D156 as the 
primary proton donor to the retinal Schiff base.5  
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