The global significance of light-driven rhodopsin proton pumps
in eukaryotic marine phytoplankton
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Introduction

Phytoplankton cell model

a

Eukaryotic metatranscriptomics

Rhodopsins powering phototrophy in prokaryotes were recently discovered in
1,2
eukaryotic marine phytoplankton , including the diatom Fragilariopsis cylin3
+
drus . The role of eukaryotic rhodopsin H pumps is puzzling in the presence
4
of chlorophyll-based photosynthesis . We aimed to elucidate the role of eukaryotic rhodopsins using genomics-enabled approaches.

Rhodopsin reverse genetics
Genetic transformation of diatom
Phaeodactylum tricornutum
for subcellular targeting analysis
and phenotyping
Expression in Xenopus oocytes
for measuring light-dependent
H+ pumping

Correlation of rhodopsin metatranscriptome reads vs. iron

Subcellular localisation of FR::GFP fusion
Chlorophyll

GFP-tagged Merge+DIC
rhodopsin

Model of rhodopsin functions in phytoplankton: Generation of proton motive
force to fuel (1) ATP production and/or (2) membrane solute transporters.

Xenopus laevis frog

Two-electron voltage clamp
with YFP-tagged FR in Xenopus oocytes

Phytoplankton growth assay

Rhodopsin gene expression
Metatranscriptome shows ecological importance
of eukaryotic rhodopsins in iron-limited oceans.

FR photocurrent

Phenotyping of iron-limited P. tricornutum
complemented with rhodopsin (PtFR+)

Conclusions

Green light dependent
proton pump

 Rhodopsin phototrophy found in phytoplankton

Maximal pumping currents of
>1000 nA at 510 nm, corresponding to green light

2s 532nm laser

Fragilariopsis cylindrus rhodopsin is a green light driven proton pump and
associated with diatom chloroplast, where it supports growth under low iron.

 Phytoplankton rhodopsins provide trace metalindependent mechanism to enhance ATP production under iron-limited photosynthesis.
Iron-limited F. cylindrus show increased growth under green light,
likely conferred by rhodopsin.

Rhodopsin gene transcripts were
most abundant in iron-limited
F. cylindrus cultures.
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 Rhodopsins in eukaryotic phytoplankton
are of global significance in ironlimited oceans.

