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ABSTRACT

Microbial rhodopsins belong to the large family of retinal protein, a family of
photoactive protein which has seven trans-membrane helices and a retinal
molecule binding to a lysine residue in the seventh helix via the Schiff base as
the photoactive center. Because of structural simplicity and functional diversity,
microbial rhodopsins have been an excellent model system for structural
biology.

In this study, a bacterial strain was collected and identified from a salt lake in
Inner Mongolia of China. According to the sequence of 16S rRNA gene of the
bacterium the strain belongs to Halorubrum genus and was named Halorubrum
sp. ejinoor (He). Three kinds of microbial rhodopsin genes, BR-like (HeEAR),
HR-like (HeHR) and SRII-like (HeSRII) were identified in He by a whole
genome DNA analysis of the bacterium. The mRNAs of three types of microbial
rhodopsin genes were detected by RT-PCR and their amounts were determined
by quantitative RT-PCR. The amount of mRNA of these genes in He was
HeAR : HeHR : HeSRII = 30 : 10 : 1. Measurements of light-induced ion
transportation of membrane vesicles suggest the existence of a proton pumping
activity and a chloride pumping activity in membrane vesicles of He. He



membrane fraction was isolated from cell membrane of the bacterium by sucrose
density gradient centrifugation method similar to that for isolation of purple
membrane from Halobacterium salinarum. The kinetics of the light-induced
absorbance changes of the membrane fraction of He suggested the presence of
M-like intermediate (HeAR) and L-like intermediate (HeHR).

HeAR, a light-driven proton pump of Halorubrum sp. ejinoor was
heterologously expressed in Escherichia coli. The expressed HeAR showed
purple colour in the E. coli membrane and was purified by Ni-chelate
chromatography. The purified HeAR shows a light-dark adaptation. After
illumination, the purified HeAR showed a spectral redshift from 555 to 565 nm,
suggesting an increase in the all-trans retinal content. The HPLC analysis
revealed that the spectral shift accompanies with the change in retinal contents
from 66% all-trans and 34% 13-cis in the dark to 85% all-trans and 15% 13-cis
after illumination. The time courses of the absorbance change of HeAR
suggested the presence of (K), M, N and O intermediates similar to those of
BR-system. The half-life of the M intermediate was estimated as 0.001 s, faster
than that in BR (0.005 s). But the photocycling rate was slower than BR. The
measurements of light-induced pH changes of the E. coli cell suspensions
containing HeAR revealed that HeAR is a light-driven proton pump.
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