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S U M M A RY

We are approaching the limits of what is possible to attain through advancements from the
Green Revolution. Till now, food security was achieved mostly through increased arable
lands area, controlled water-supply, use of chemical fertilizers and pesticides, mechanized
methods of cultivation, and optimization of the light interception for unit area of land
by selecting genotypes that allocate more of their biomass into harvested products. The
efficiency of photosynthesis, a process in which light is converted to biomass, still falls
short of its biological limit and could be improved. Several strategies have been already
investigated, however, there is still a shortage of knowledge on how the photosynthetic
efficiency is regulated, and how it is interlaced with the acclimation responses. Answers
to those questions are especially convoluted, as the study of photosynthesis is stretched
between several fields, several factors affect the system from the macro- to the micro-scale
(from the plant to the molecular level), and the photosynthetic apparatus dynamically
changes under different conditions - stimuli and stresses.

As for the outline of this thesis, the light acclimation responses in plants were stud-
ied, with the main focus on the photosynthetic apparatus tunning under different light
conditions. To address the problem of a multi-scale system, our investigation began on
the macro level. The influence of the leaf and plant age on the photosynthetic efficiency
and photoprotective capacity was studied systematically on the WT of Arabidopsis thaliana.
Next, we directed our investigation to the molecular level. One general study was con-
ducted, where the changes in PSII have been investigated during long- and short-term
exposure to HL (from days to 0.5 h), and another one, where only the PSII disassembly
during and after a short-term HL stress (on the scale of minutes) was reviewed. At the
end, a deep analysis of the photosynthetic apparatus of a decreased antenna size mutant
was conducted. The concept of a reduced antenna size of the photosynthetic apparatus as
a mean to increase canopy productivity was investigated. The focus was on the secondary
effects of a biased acclimatory pathway (antenna size regulation). Is the photosynthetic ef-
ficiency or acclimation capacity of the mutant affected? How does the mutant react to HL,
where usually antenna size decrease was observed? How does the mutant grow under LL
where a larger antenna would be beneficial?

In more detail, on the macro level, the changes in HL tolerance, and photosynthetic
activity were studied in Arabidopsis thaliana throughout the vegetative stage of growth
(chapter 2). A model selection procedure was created to understand the interplay of the
age of the plant and of its leaves on the different stages of the photochemical and non-
photochemical quenching kinetics. Our results showed that plants while aging, under
non-stressed conditions, increase their photosynthetic capacity. As for the age of the leaf,
it has an impact on the photoprotective capacity: younger leaves react faster to short-term
HL illumination. Our results stress that, both plant and leaf age should be considered
during the quantification of the photosynthetic and photoprotective traits to produce re-
producible and reliable results. Additionally, the long-term HL acclimation of individual
leaves on the rosette was investigated. The younger leaves sustained less damage, and
were able to tune their photosynthetic apparatus to new light conditions.

As a next step, we looked at the effect of HL-induced short-term responses and long-
term acclimation on the composition and functional organization of the photosynthetic
apparatus (chapter 3). Using a combination of biochemical and biophysical methods we
showed that a part of the antenna present in the membranes under HL did not transfer
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energy efficiently to the reaction centers. Moreover, we observed that some of the LHCII
are present in the thylakoid membrane in form of monomers. Finally, the relative amount
of LHCII monomers strongly increased in plants acclimated to HL, while no changes in
the trimer to monomer ratio were observed upon short exposure to light stress.

We also observed that the PSII disassembly of the largest PSII supercomplexes occurred
only during long HL exposures (exceeding 2 h of illumination). No significant structural
rearrangements were observed for shorter time ranges. However, we could not exclude
that they occurred on a shorter time scale and/or that a reassociation of the complexes
occurred during the dark period between in folio illumination and thylakoid isolation
(even if the procedure was performed according to common procedures).

This led us to the next chapter. In chapter 4, the controversial disassembly of PSII and
LHCII complexes was assessed during qE. To avoid qE relaxation during thylakoid isola-
tion, quenching was induced directly on isolated thylakoids, and the solubilization was
performed still under light. For the first time, a new oligomeric state of LHCII was iden-
tified: dimers of trimers. As for the hypothesis from our previous chapter, we observed a
small decrease in the large PSII supercomplexes due to photoinhibition, and we showed
that qE rise is not accompanied by a structural disassembly of the PSII supercomplex.

Finally, we looked at the acclimation capacity of a mutant (dLhcb2) lacking most of the
PSII antenna (chapter 5). In this mutant, silencing of Lhcb2 genes, resulted in a 60% de-
crease of both Lhcb1 and Lhcb2. This mutant was selected because the well-defined effect
on the antenna was expected to limited possible side effect that were instead present in
several Truncated Light Antenna mutants described in the literature. In this chapter, the dL-

hcb2 mutant maintained the photosynthetic and photoprotective capacity of the WT plant,
and was still able to adapt to different light conditions by remodeling its photosynthetic
apparatus, although using different strategies than the WT and even more interestingly, it
did not compensate for the decreased light-harvesting capacity by increasing the amount
of the other pigment-protein complex. Instead, it regulated the linear electron flow by
lowering the ratio of cytochrome b6f and ATP synthase with respect to the photosystems
to maintain photosynthetic control as in the WT.

In summary, in this thesis, we have investigated how the changes in the photosynthetic
apparatus are tuned during and after HL exposure. We learned more about how plants re-
spond and acclimate to changes in light conditions advancing our understanding on how
these sessile organisms are able to survive and thrive in a highly variable environment. We
are a few steps closer to the ultimate goal of increasing photosynthetic efficiency without
hindering its adaptability, and high acclimation capacity.


