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■ Research Highlights 

In-situ photo-irradiation solid-state NMR for detecting the functional changes of 
photoreceptor-protein structure 
 

  
Microbial rhodopsin is an attractive target protein in 

biophysical chemistry in order to understand the 

relationships between structure, dynamics, and functions.  

 

Although a microbial rhodopsin “phoborhodopsin” is a 

negative phototaxis receptor protein with a retinal 

chromophore whose function has been well studied by 

Yuki Sudo, the structure of  the chromophore, especially 

in the short-lived photo-intermediates, are not 

understood (Fig. 1).  

 

Now, Akira Naito, Izuru Kawamura and colleagues at Yokohama National University, Kobe 

Pharmaceutical University, Hokkaido University, and Okayama University have shown that in-situ photo-

irradiation solid-state NMR can detect several early photo-intermediates with structure of  chromophore 

in phoborhodopsin. 

 

Phoborhodopsin with 13C stable isotope-labeled retinal was 

reconstituted into lipid bilayers. The sample was packed into an 

NMR tube, and the sample was photo-irradiated under the 

magic angle spinning condition, which is a high-resolution 

technique. The in-situ photo-irradiation solid-state NMR 

apparatus allows irradiation of  the samples with extremely high 

efficiency and enables observation of  short-lived photo-

intermediates in the stationary trapped state (Fig. 2).  

 

The chemical shifts of the 13C NMR signal of 13C labeled retinals 

were carefully detected and analyzed under photo-irradiation. Consequently, short-lived M- and O-

intermediates were detected with a newly detected N’-intermediate, which turned out to have been 

transformed from the M-intermediate (Fig. 3). 

 

The structures of retinals for the short-lived M-, O- and N’-intermediates were revealed to be (13-cis, 15-

syn), (13-trans, 15-syn) and (13-cis), respectively. This challenging photo-irradiation NMR spectroscopy 

Fig. 1. Structure of photoborhodopsin with 7 transmembrane α
-helices and its retinal chromophore. 
 

Fig.2. In situ photo-irradiation solid-state NMR apparatus 
with magic angle spinning arrangement. 
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provides an opportunity to detect the dynamic conformational change of proteins enclosing retinals in 

relation with function. Eventually, it will lead to understanding the photoactivation mechanism at the 

molecular level. 
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Fig. 3. Photoreaction cycle of retinal of phoborhosdopsin. NMR signals of 
short-lived M-, O- and N’ intermediates were observed in the first time in 
this research highlight. 
 


