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SUMMARY
Life on Earth is greatly dependent on photosynthesis, 

which is able to use sunlight to power biological processes. 
Changing in the environment and especially in light conditions 
is a frequent and critical challenge commonly encountered by 
all photosynthetic organisms. This thesis focuses on light energy 
regulation mechanisms and gives an attempt to unveil some 
strategies to reach an optimum light harvesting efficiency but also 
to deal with light excess by dissipation. In particular, this work 
is implemented on photosynthetic organisms that were among 
the first to colonize the Earth, the cyanobacterium Synechocystis 
sp. PCC 6803 and the purple bacterium Rhodobacter sphaeroides, 
commonly used as model in research. Regulation processes at the 
molecular level via pigment-binding proteins are investigated. The 
relation between the structural arrangement and composition of 
proteins and pigments relative to functionality is studied with the 
help of spectroscopic and biochemical methods.

The importance of photosynthesis for life and the 
contribution especially of photosynthetic microorganisms for 
a sustainable future to answer to some actual major challenges 
are discussed as a general introduction in Chapter I. A brief 
description of the photosynthetic microorganisms studied in this 
work, cyanobacteria and purple bacteria, is given as an overview 
to get familiar with their main features before going deep into the 
specific topics of this thesis. The techniques used are also briefly 
reviewed.

Chapters II, III and IV are a continuation of some previous 
work done on the Iron Stress-Induced Protein A, IsiA, which plays 
an important role under iron limitation in natural habitats but 
also as a response to light stress and oxidative stress. IsiA, when 
synthesized, associates around Photosystem I (PSI) and increases 
the capacity of the photosystem to harvest light. When the stress is 
prolonged, IsiA is accumulates in the photosynthetic membrane. 
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The IsiA proteins in excess are not associated with a photosystem 
and form aggregates, which are able to dissipate the light energy 
rapidly into heat. This role in quenching is explored in Chapters 
II and III.

In Chapter II, light energy dissipation by IsiA is studied 
in mutants missing specific types of carotenoids to test their 
importance in cells grown under iron depletion. The goal was to 
determine if the four carotenoids present in IsiA are essential for 
its assembly and its function in energy dissipation. With the help 
of mutations in the carotenoid synthesis, we tried to resolve which 
of one of the different carotenoids present acts as a quencher. We 
observed that IsiA is formed in carotenoid mutants with most of 
the binding sites of missing carotenoids being occupied by other 
carotenoids. The ability of IsiA to quench remains essentially 
unchanged even in a double mutant having three β-carotene 
molecules instead of the four native carotenoids.

In Chapter III, the presence and properties of IsiA in a 
monomeric form is investigated. IsiA exists mainly in the form of 
oligomers, either attached to PSI or not associated to a photosystem. 
The carotenoid content was analyzed and the spectrum properties 
of IsiA monomers and aggregates were compared. In monomers, 
the lack of one β-carotene molecules is observed and a weaker 
quenching property. This result, when combined with the 
investigations performed with carotenoid mutants, indicates that 
the β-carotene molecule missing could be the quencher. In the 
light of the recent structure published after the review of this thesis 
(Toporik et al, 2019), even if the carotenoids cannot be identified, 
our hypothesis is supported. 

Chapter IV reviews a large part of the research related to 
IsiA. The different expression conditions and its arrangement in 
the thylakoid membrane are described. The two functions, light 
harvesting and energy dissipation, are addressed separately. The 
way the cells deal with these two functions is also discussed. 
IsiA presence in natural habitats is probably more frequent than 
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estimated in the standard growth conditions of the laboratory. 
With its high flexibility and the adaptation of its expression level, 
IsiA can arrange in various complexes with and without PSI. IsiA 
is able to increase the light harvesting efficiency when associated to 
a PSI reaction center and to dissipate light in excess when forming 
aggregates.

In Chapter V, the structural origin of the red most chlorophyll 
in the CP47 subunit of the Photosystem II (PSII) core complex 
is examined in Synechocystis cells lacking the PsbH subunit. The 
characteristic fluorescence spectrum at 77 K of CP47 with the 
693 nm band from its red chlorophyll is affected by the absence 
of PsbH, while CP47 is found to be present. The crystal structure 
shows that the amino acid Thr H5 of PsbH has a hydrogen bond 
with the 131-keto group of the Chl a 627 of CP47. Due to the 
affected activity of PSII when PsbH is absent, the red chlorophyll 
of CP47 has a possible role in photoprotection that might involve 
a nearby β-carotene molecule.

In Chapter VI, the focus is given on non-oxygenic 
prokaryotes. In the purple bacterium Rhodobacter sphaeroides, the 
relation between the carotenoid composition and the membrane 
organization is investigated by linear dichroism performed on cells 
combined with the determination of the structural assembly of the 
photosynthetic complexes in several strains. A possible correlation 
between the carotenoid composition and the modification of 
the RC arrangement as a photoprotective response is given as a 
hypothesis.

With this thesis, we give some evidence that to cope with 
changing light conditions, energy regulation can be achieved 
via the rearrangement of a chlorophyll-binding protein that is 
peripheral to the reaction center. This strategy is commonly found 
in photosynthetic organisms. Similarly to some light harvesting 
antennae of algae and plants, IsiA is able to play the dual role of 
antenna when bound to a photosystem or energy dissipater when 
not associated. Additionally, we show the importance of a specific 
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pigment within photosynthetic complexes. It is the case in PSII 
with the Chl a 627 of CP47 that seems important to the activity 
of the photosystem. We also show that carotenoids play a role 
in energy regulation and in the arrangement of the membrane 
proteins into monomeric or oligomeric complexes in oxygenic 
and anoxygenic prokaryotes.


