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Vincent Van Gogh, 1889

Question 1 (Earth) 
How are photoperception and photosynthesis 
mechanistically interconnected? 

Question 2 (M-dwarfs)
How would photosynthetic organisms 
adapt to an extrasolar radiation?
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Explore life on Earth and beyond



The green microalga Chlamydomonas reinhardtii: 
an excellent model organism to study photosynthesis

Model Photosynthetic organism

Model organism for studies of human ciliopathy 

Can grow in the dark in the presence of acetate

Full genome is sequenced (ca. 15000 genes)

Genetic tools are available

Chlorophyll biosynthesis pathway in Cr



Illustration modified from: Yamori and Shikanai (2016) Annual Rev Plant Biol
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Light fuels photosynthesis to generate chemical energy 
for CO2 fixation



At low light intensities absorption of light 
is mainly used for photosynthesis

Mueller et al (2001) Plant Physiol
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At high light intensities photosynthesis is saturated
but light continues being absorbed

Mueller et al (2001) Plant Physiol



Excess-light toxicity is prevented by the photoprotective 
mechanism qE (quenching of energy)
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qE (quenching of energy) is a process of major biological importance 

Wild Type 

Mutant defective in qE

From a biological point of view: qE ensures survival under excess light conditions

fluorescence
photosynthesis à biomass
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Mueller et al (2001) Plant Physiol



In Chlamydomonas LHCSR3 is the protein effector of qE

Peers et al (2009) Nature
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LHCSR3: Light Harvesting Complex Stress Related protein

qE
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The biological importance of LHCSR3 
is reflected by its regulatory complexity



Expression of LHCSR3 requires 
photosynthetic electron transfer

Petroutsos et al (2011) Plant Cell
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Expression of LHCSR3 involves calcium signaling events
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Control of: chlorophyll and carotenoid biosynthesis genes, cell cycle 
control, circadian clock, phototaxis, eyespot size

Perceived light

Photoreceptors

Light is an informational signal perceived by photoreceptor proteins

Petroutsos (2017) In “Chlamydomonas: Biotechnology and Biomedicine”; 



Phototropin (PHOT) controls LHCSR3 and qE in 
Chlamydomonas

Petroutsos et al. 2016, Nature



PHOT controls photoprotection and is crucial for survival in 
high light

Petroutsos et al. 2016, Nature

npq4



Petroutsos et al. 2016, Nature

Contribution of the different domains of PHOT 
to the control of LHCSR3 expression 



Constitutive activation of PHOT kinase renders LHCSR3 
wavelength-insensitive

Petroutsos et al. 2016, Nature

LHCSR3 remains PET-dependent



Chlamydomonas PHOTOTROPIN provides a novel link between 
photoperception, photosynthesis and photoprotection.



Regulation of photoprotection in Chlamydomonas: 
a case study of cell signaling biology

Allorent and Petroutsos (2017) Curr Opin Plant Biol



Genome wide comparative transcriptomics 



Experimental Plan of the PhD thesis

Question 1 (Earth) 
How are photoperception and photosynthesis 
mechanistically interconnected? 

Question 2 (M-dwarfs)
How would photosynthetic organisms 
adapt to an extrasolar radiation?
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• Genome wide transcriptomics
• Phylogenetics
• In vivo photosynthesis
• Cells ultrastructure

Explore life on Earth                         … and beyond


