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Photosystem | (PSI) pigment-protein complex with its
an internal quantum yield close to unity for generation of
the primary charge separation state makes this complex
one of the most efficient light-harvesting molecular
machines for application in energy-converting devices.
One of the requirements for efficient application of this
biological macromolecule in such devices is the
appropriate interface assembly between the photoactive
protein and the electrode that ensures optimal electronic
communication between both modules.

In this study, the conductive interface between the PSI
layer and graphene electrode was provided by an organic
self-assembled monolayer (SAM) composed of n-n
stacked pyrene functionalized with nitrilotriacetic acid
chelated to Ni** cations (Ni-NTA). Upon specific
conjugation of Hisg-tagged cytochrome csss (Cyt Css3) With
the graphene-pyrene-Ni-NTA FTO electrode, the PSI
photoactive layer was incorporated in an oriented manner,
i.e. with its donor (P700) side towards the electrode,
taking the advantage of the molecular interaction between
PSI and cyt css3. The photoelectrochemical analysis
showed mediatorless generation of cathodic photocurrents
on the FTO-graphene conductive substrate, even at an
open circuit potential, which were further increased upon
application of negative overpotential. These results
indicate the production of the specific orientation of PSI
resulting in the improved direct electron transfer and
photocurrent output.
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The monomeric PSI-LHCI supercomplex from an
extremophilic red microalga Cyanidioschyzon merolae
exhibits structural traits of both cyanobacterial and
eukaryotic counterparts that places it as an intermediate
evolutionary link between them [1, 2]. Our research on
extremophilic red algae, led us to the discovery of the
molecular  mechanisms  underlying  unprecedented
robustness of the C. merolae PSI-LHCI supercomplex
upon its exposure to harsh conditions. By the combined
use of biochemical, spectroscopic, mass spectrometry and
electron  microscopy/single  particle analyses we
characterised three such mechanisms, whose biochemical
principles make them independent both at the metabolic
and time response levels [3]. The first mechanism consists
of the accumulation of a photoprotective carotenoid,
zeaxanthin, in both LHCI antenna and PSI reaction centre.
The second mechanism involves the structural and
functional remodelling of the LHCI antenna. The third
mechanism involves the presence of the two PSI-LHCI
isomers whose stoichiometric ratio alters in response to
dynamic environmental conditions. This process is
accompanied by dissociation of the PsaK core subunit, as
shown by the quantitative mass spectrometry analysis [3].
Our experiments show that the low light-treated C.
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merolae PSI-LHCI complex incorporates up to 8 Lhcr
antennae subunits which are organized as 2 rows on the
PsaF/PsaJ side of the core complex. The spectroscopic
and biochemical analyses show no evidence of functional
coupling of the phycobilisomes with the PSI-LHCI
supercomplex, suggesting that such an interaction does
not occur under our experimental conditions [3] in
agreement with other studies. [4, 5]
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