A New Subfamily of Bacteriorhodopsin Participates In
Converting Light Into Bioenergy Under Acidic Condition
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Bacteriorhodopsin proteins are light-driven proton pumps feature a seven-
transmembrane a-helical region with a lysine-bound retinal that serves as a
chromophore responsive to light [1]. These BR proteins respond to ~550 nm light
and exert outward proton pumpin%, resulting in a proton gradient in the
extracellular region and consequently facilitate the inflow of protons back into the
cell through ATP synthase to generate ATP. Most BR proteins are not optically
stable and non-functional under acidic conditions. In 2013, we reported a BR from
Haloarcula marismortui, HmBRII [2,3], showed high optical stability in acidic
conditions even down to pH of 1.6 and maintained its light-driven proton pumping
activity at pH of 4.0. Later in 2015, we identified another BR from Haloquadratum
walsbyi, HWBR [3], which also showed optical durability in acidic conditions. The
atomic structure of this HWBR was then resolved to unveil such acid-tolerance
feature. Together with results of protein sequence analysis and optical properties
measurements, we proposed that HwBR and HmBRII belong to a new subfamily of
BRs that we have named gR. Furthermore, the crystal structures of HwWBR revealed
that a uniqbue arginine residue stabilizes the extracellular loop region by formin

hydrogen bonds with a threonine residue located in the membrane edge o

extracellular region. The importance of this local structure, which shields the
interior environment of HWBR from the low pH extracellular area, was further
validated and confirmed by the mutagenesis approach. Since this unique arginine
also appeared in HmBRII, not any other BR proteins, this residue is then deemed as
one of the feature residues in this newly proposed gR sub-family of BR proteins.
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