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Chlamydomonas reinhardtii is a ~10-um, unicellular green alga which can be easily grown
and uniformly exposed to different light intensities in the laboratory. Each C. reinhardtii cell
contains a single chloroplast; the photosynthetic apparatus of this alga has many similarities with
land plants, which makes it ideal for studying responses to excess light. Strong light intensity leads
to harmful overexcitation of the photosystems; in C. reinhardtii, LHCSR3 is required for a quick
protective response, known as energy-dependent quenching (qE). However, regulation of
LHCSR3 gene expression remains to be clarified. Since the majority of photoacclimation analyses
has been conducted under the controlied laboratory conditions, physiological responses to natural
environmental changes have not been well investigated. In land plants and green algae, light-dark
cycles are required to synchronize circadian clocks to multiple physiological responses. However,
clock response to high light has been the subject of speculation. Previously, 105 circadian rhythm
insertional mutants were isolated as rhythm of chloroplast (roc) mutants in C, reinhardti. Very
recent research also showed blue light perceived by PHOT (blue light photoreceptor phototropin)
mediates the photoprotection of the photosynthetic machinery and gene regulation of LHCSR3 in
C. reinhardtii. Downstream of PHOT, this signal integrates with another regulatory signal from
the chloroplast that carries information about the amount of absorbed light that is not used for CO»
fixation. This signal relies on photosynthetic electron transfer via an as-yet-unknown mechanism,
and further relies on photosynthetic electron flow, which ultimately affects accumulation of
LHCSR3 transcript. The aim of my research was to determine how these mechanisms are involved
and coordinated in the regulation of LHCSR3 gene under high-light acclimation in C. reinhardtii.
As a first step I characterized 105 roc series mutants by qE values under strong blue and red light
and I report ROC735, a putative transcriptional factor as a key component of the central circadian

clock, which showed a significantly higher qE value and LHCSR3 protein accumulation than the
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wild type when grown under red light. Further, LHCSR3 mRNA in roc75 mutant exhibited a
circadian rhythm, with its basal expression level higher than in the wild-type. I therefore conclude
that ROC75 acts as an attenuator for the circadian clock that controls LHCSR3 expression with red
light as a negative stimulus. For the second step, I investigated that calcium (Ca®*) dependent
mechanisms are more substantial to both PHOT-dependent and photosynthetic signaling
pathways. However, we know very little about the nature of cytosolic calcium ([Ca?*]ey) elevation
in green algae. Therefore, I introduced intracellular Ca?" imaging into C. reinhardtii to monitor
[Ca®*]ey variations, using confocal microscopy. I found that PHOT was involved in [Ca?*Jey
increases induced by blue light, as [Ca2+]§yt increased after a few seconds of blue light exposure in
the wild-type cells but not in phot mutant. Moreover, to elucidate more in details of one of the
downstream elements of PHOT, I analyzed the effect of cAMP on [Ca®"Jeyt in the presence or
absence of an inhibitor of phosphodiesterase. Based on these results, I conclude PHOT and
photosynthesis signals might converge on blue light dependent Ca®' release to the cytosol to
control LHCSR3 expression. To reveal additional factors involved in the Ca®* signaling dependent
regulation of LHCSR3, a high throughput forward genetic approach was used to screen mutants
using bioluminescence derived from a luciferase reporter gene fused to a full-length sequence of
LHCSR3 gene. 15 mutants have been isolated, and the genes were identified, which should be
characterized in more detail in the future studies. In summary, my findings regarding the
involvement of a circadian component into the photoprotection mechanisms provides a new
viewpoint for thinking about the adaptive significance of the circadian clock. Herein I present the
first evidence of involvement of circadian components into photoprotection in C. reinhardtii. From
the second and third projects, my findings imply that cytosolic Ca** is important factor for the

integrated signal between PHOT and photosynthesis pathways to control LHCSR3 expression.
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