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Lecture Title
Structural Insights of Light-Driven Magnesium Transportation and Retinal Re-isomerization 
in Microbial Rhodopsins 

Abstract (500 words maximum) 
Microbial rhodopsins respond to different wavelengths of light by mediating ion transport and 
phototactic sensory functions.  Unlike most  eukaryotic rhodopsins,  they possess enzymatic 
activity that re-isomerizes light-activated retinal, restoring it to the ground state and enabling 
repeated activation. In this work, we investigated both the functionality and enzymatic activity 
of microbial  rhodopsins using X-ray diffraction. We resolved the atomic structures of the 
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wild-type  and  a  functionally  impaired  rhodopsin  from  Haloquadratum walsbyi  (HwMR). 
Together  with  dedicated  ITO-based  ion  transport  assays  and  photocycle  analyses,  these 
structures revealed the detailed molecular mechanism underlying HwMR’s unique role as a 
light-driven magnesium transporter. In addition, time-resolved X-ray diffraction experiments 
were performed on the HwBR, a light-driven outward proton pump from  Haloquadratum 
walsbyi, using a green laser synchronized with the X-ray shutter. Diffraction data spanning six 
seconds with 8-ms intervals captured structural  transitions and identified specific residues 
responsible for retinal re-isomerization. These results provide the first direct visualization of the 
molecular basis of retinal re-isomerization in microbial rhodopsins.


