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Abstract Deep-sea marine bacterium, Parvularcula oceani,  has  three  types  of  genes  of  

microbial rhodopsin, photo-receptive membrane protein. Here, we revealed that one of them 
(PoXeR)  functions  as  a  novel  class  of  light-driven  inward  H+ pump. The photocycle of 
PoXeR showed deprotonated state (the M-intermediate) of the chromophore (retinal 
Schiff-base). FTIR spectroscopy identified cytoplasmic Asp216 as the H+ acceptor for retinal 
Schiff-base. For typical outward H+ pump such as bacteriorhodopsin, reprotonation of 
deprotonated retinal Schiff-base is governed by a H+ transfer from H+ donor. In contrast, the 
rate-limiting process of retinal reprotonation of PoXeR is second retinal isomerization from 
13-cis-15-anti to 13-cis-15-syn form. That is, the pKa of retinal Schiff-base is controlled by its 
configuration and it is important for the vectorial inward H+ transport by PoXeR. 
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Fig. 1. (a) Inward H+ pump transport by PoXeR 
(b) The photocycle of PoXeR determined by transient absorption 
measurement. 
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Fig. 2. FTIR difference spectra of 
PoXeR and its mutants upon the M 
accumulation at 1700-1770 cm-1.  


