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localization and function in Chlamydomonas reinhardtii

For photosynthetic organisms, light is essential for growth. However, when they are
exposed to light that surpasses their photosynthetic capability, the excess energy
causes harmful reactive oxygen species (ROS) production followed by Photosystem 11
(PSII) destruction. This damage is referred to as photoinhibition, which ultimately
leads to growth suppression and cell dea;[h. Thus, to cope with such adverse
environments, photosynthetic organisms have developed a mechanism, termed
non-photochemical quenching (NPQ) that dissipates excess light energy as heat. There
are three major components of NPQ; qT quenching, in which light harvesting antenna
(LHCII) migrate from PSII to Photosystem I (PSI) and help to distribute excess energy
to both photosystems; gl quenching which prevents PSII from absorbing excess light
energy by disrupting the PSII core protein PsbA and finally, gE quenching, induced by
lumenal proton gradient formation leading to Chlorophyll fluorescence lifetime
reduction. The earliest response of NPQ is qE quenching caused by the shift from dark
to high light (HL). In the green alga Chlamydomonas reinhardtii, LHCSR1 and
LHCSR3 proteins, which belong to the light-harvesting antenna proteins, are involved
in this function. According to previous reports, LHCSR3 is expressed under HL,
forming a PSII-LHCII-LHCSR3 supercomplex. Under excess light conditions, a proton
gradient on the luminal side of the thylakoid membrane is upregulated and LHCSR3
contributes to qE quenching. The LHCSR3 deficient mutant, npg4, cannot survive
under HL. Therefore, this protein has been recogni:zed as a main factor of qE induction
in C. reinhardtii. LHCSR1 is also expressed under HL and induces low pH dependent

fluorescence quenching in LHCII. LHCSR3 has been well studied as a main qE



quenching factor, however, little knowledge about LHCSR1 has been accumulated. For
further understanding of qE quenching, T performed Biochemical and spectroscopic
analyses and investigated localization and function. LHCSR1 has 87% primary
sequence identity to LHCSR3, therefore this study was conducted on a hypothesis that
LHCSRI1 forms a PSII-LHCII-LHCSRI1 supercomplex and contributes to qE quenching
in a similar manner to LHCSR3. C. reinhardtii cells were incubated under HL and the
thylakoid membrane were purified. The thylakoid membranes were solubilized by
detergent a-dodecyl maltoside and protein complexes were separated by sucrose
density gradient (SDG) centrifugation. To investigate LHCSR1 localization, the
separated fractions were used for immunoblot analysis, however, PSII-LHCII-LHCSR1
supercomplex was not detected. Under HL, only a small amount of LHCSR1 was
expressed as compared with LHCSR3. Thus, to determine LHCSRI localization,
conditions to accumulate more LHCSR1! needed to be discovered. Our laboratory had
demonstrated that LHCSR1 was specifically expressed under UV illumination.
Therefore, a house built light source was constructed to illuminate samples under UV
for accumulate LHCSRI1. Cells exposed to using this new light source were subjected
to SDG and immunoblot analysis. However, exact LHCSR1 localization was still not
clarified. Although I could not determine the LHCSR1 localization, the PSII fraction
would have energy quenching ability if LHCSR1 formed PSII-LHCII-LHCSR]
supercomplex. I therefore performed fluorescence lifetime measurement, but the PSII
fraction did not exhibit fluorescence quenching. From this result, LHCSR1 function
might have been lost upon thylakoid solubilization. To test this hypothesis,
non-solubilized thylakoid membrane was used for further analysis and the result
indicated that LHCSR1 has fluorescence quenching ability on the thylakoid membrane
under acidic conditions. For further LHCSR1 analysis, fluorescence decay associated
spectrum (FDAS) measurement was performed to clarify excitation energy transfer on

the thylakoid membrane. This result showed that LHCSR1 triggers excitation energy



transfer from LHCII to PSI under acidic conditions. Additionally, fluorescence
lifetime measurement using three photosystem mutants revealed that PSI contributes to
LHCSRI1-dependent fluorescence quenching. From these results, I conclude that
LHCSRI1 mediates excitation energy transfer from LHCII to PSI and utilizes PSI as an
energy trap. This function may contribute to reduce energy flow from LHCII to PSII
and prevent PSII destruction. I was not able to clarify LHCSR1 localization, but this
result may indicate that LHCSRI exists between photosynthetic proteins on the
thylakoid membrane for excitation energy transfer, and is not tightly bound to the
photosystems. However, another possibility may be that LHCSRI is more loosely
bound to the proteins in contrast to LHCSR3, leading to a loss during thylakoid
solubilization. Further investigation is needed for elucidating a precise localization

study of LHCSRI1.
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