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Structural and funtinal analysis of non-cannonical rhodopsins
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EnergK transfer from light-harvesting ketocarotenoids to the light-driven
proton pump xanthorhodopsins has been previously demonstrated in two unique cases: an extreme
halophilic bacteriuml and a terrestrial cyanobacterium. Attempts to find carotenoids that bind and
transfer energy to abundant rhodopsin proton pumps from marine photoheterotrophs have thus far
failed. Here we detected light energy transfer from the widespread hydroxylated carotenoids
zeaxanthin and lutein to the retinal moiety of xanthorhodopsins and proteorhodopsins using
functional metagenomics combined with chromophore extraction from the environment. The
light-harvesting carotenoids transfer up to 42% of the harvested energy in the violet- or blue-light

range to the green-light absorbing retinal chromophore. Our data suggest that these antennas may
have a substantial effect on rhodopsin phototrophy in the world®s lakes, seas and oceans. However,
the functional implications of our findings are yet to be discovered.



2000

PR
H+
PR
PR
XR
LA L. LT T VABDZETERVWE~ROADON AR T L2 enTEET, 2Dk
XR
3
4_
5
XR
XR 2.3
XR
40%
XR
40%
XR 4-
XR 5
47
XR
XR
7 PR
Tenacibaculum sp. SG-28 SG-28 PR
SG-28 PR

SG-28



SG-28 PR SG-28



4 4 0 1

Nagiri Chisae Kobayashi Kazuhiro Tomita Atsuhiro Kato Masahiko Kobayashi Kan Yamashita 81
Keitaro Nishizawa Tomohiro Inoue Asuka Shihoya Wataru Nureki Osamu
Cryo-EM structure of the B 3-adrenergic receptor reveals the molecular basis of subtype 2021

selectivity

Molecular Cell

3205 3215.e5

DOl
10.1016/j .molcel .2021.06.024

Higuchi Akimitsu Shihoya Wataru Konno Masae Ikuta Tatsuya Kandori Hideki Inoue Keiichi 118

Nureki Osamu

Crystal structure of schizorhodopsin reveals mechanism of inward proton pumping 2021

Proceedings of the National Academy of Sciences 1-9
DOl

10.1073/pnas.2016328118

Ikuta Tatsuya Shihoya Wataru Sugiura Masahiro Yoshida Kazuho Watari Masahito Tokano 11

Takaya Yamashita Keitaro Katayama Kota Tsunoda Satoshi P. Uchihashi Takayuki Kandori

Hideki Nureki Osamu

Structural insights into the mechanism of rhodopsin phosphodiesterase 2020

Nature Communications 1-17
DOl

10.1038/s41467-020-19376-7

Chazan Ariel Das Ishita Fujiwara Takayoshi Murakoshi Shunya Rozenberg Andrey Shihoya 615

Wataru Yoshizawa Susumu Sheves Mordechai Nureki Osamu Beja Oded

Phototrophy by antenna-containing rhodopsin pumps in aquatic environments 2023

Nature 535 540
DOl

10.1038/s41586-023-05774-6




Technion-lIsrael Institute of
Technology

University of Huelva




