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Functional analysis of light harvesting complexes in
photosynthetic algae

CEEBRARREIC B 2ENBET VT F 5 V737 BORBERIFRT)

AR DL E

All photosynthetic plants and algae with primary plastid can be coordinated in the Plantae kingdom,
implying that they evolved from a common ancestor cyanobacteria. This evolution events has been
predicted as occurred about more than 1.5 billion years ago. Following the events, .photosynthesis
spread among different eukaryotic kingdoms via secondary endosymbiosis, most commonly as a host
involved a red or green alga. In photosynthesis, the initial conversion of solar energy to biochemical
redox energy in photosynthetic eukaryotes is performed by the linked photosystems (PSI and PSI],
respectively). These photosystems are large pigment-protein supercomplexes embedded in the
thylakoid membrane. The PSII supercomplex splits water into four electrons, four protons and
dioxygen, the primary electron acceptor for all aerobic organisms on this planet. PSII uses several light
harvesting complex proteins (LHCII) to enhance the absorption of light energy and its subsequent
transfer to the PSII reaction center. In nature, unexpectable changes in light intensity and quality will
easily lead to an overexciting of either photosystems, which results in accumulation of harmful reactive
oxygen spices through oxidative stress. However, unlike animals, most of plants and photosynthetic
algae cannot move away from an endangering environment including light conditions. Therefore,
plants and algae have developed the photo-protection mechanisms termed non-photochemical
quenching (NPQ) that either dissipate or fine-tune an excess light energy to cope with the physical
environment.

In chapter 1 and 2, I investigated about one of the NPQ called state transitions. State transitions
are the remodeling of photosynthetic supercomplexes through lateral migration of LHCIL. To keep
optimal photosynthetic rate under variable light conditions, excitation levels of the two photosystems
are balanced via redistribution of LHCII. It has been known that LHCII phosphorylation is required for
a transition from State 1, where mobile LHCIIs are associated with PSII, to State 2, where they are
associated with PSI. However, it still remains unclear which particular step in the LHCII migration
requires the phosphorylation and how the formation of PSI-LHCI/II supercomplex is regulated. The
biochemical analysis and spectroscopic measurements of several mutants in these chapters clarifies that
phosphorylation of LHCII are only required for disassembly of PSII-LHCII supercomplexes but not for
the formation of PSI-LHCI/II supercomplexes during state 2 transition. Indeed, the results of the minor
LHCI RNAi mutants demonstrate that one of the minor LHCII CP29, not CP26, is crucial when
mobile LHCIIs re-associate with PSI under State 2 conditions. Thus, I propose the hypothesis that state
transitions are regulated through not only single but two different reactions in either photosystems.

In chapter 3, I have developed a method to purify PSI-LHCII supercomplexes from the
unicellular green alga Chlamydomonas reinhardtii. PSII-LHCII supercomplexes were isolated using
either of the two.detergents n-dodecyl-a-D-maltoside (a-DM) or n-dodecyl-f-D-maltoside (8-DM).
The biochemical analysis shows that the PSII-LHCII supercomplexes isolated with a-DM bind more
LHCII proteins, and highly active and stable as compared to those isolated with S-DM, which is
consistent with the molecular weight difference.

In chapter 4, I tried to investigate molecular mechanisms of gE quenching. The qE quenching is
the most fastest and rapidly reversible component in NPQ, which dissipates excess absorbed light
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energy as a harmless heat. Recently, LHCSR protein has been identified as a main component of gE in
C. reinhardtii. Using the method established in chapter 3, the localization and molecular functions of
LHCSR protein have been clarified. Wild-type strain exhibits the formation of PSII-LHCII-LHCSR
supercomplex in thylakoid membranes. In contrast, the mutants with a defect in stable formation of
PSII-LHCII-LHCSR supercomplexes show significant impairment of qE quenching activity. Hence,
we concluded that a stable formation of the PSII-LHCII-LHCSR supercomplex may strongly
participate in high energy quenching in the green alga.

Finally, I discuss and summarize the evolution and the current opinions regarding the role of
LHCII in photo-protections in the photosynthetic green alga. The section will present the concluding
remarks and possible future research directions in this field.
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HEARITETOEMERFEISE I ALY —DRTHY, FORBOBRIIEQRE
SEICBWTHICREEREDO— 2L RoTWA. TBEREFmERISRST 1 b UEnk
RIGOFEMBA LN EN, SHREFNORIGHE TH D ¥ VR0 GEEEOSLIEEEN
REINFEHRE, MR THE0E, XERRISHBWVDICRSEEZIT TVEH, VWD
BELENTWA N, TOHBAORATHS. FARIE, HINICES 2 >OMLFER
TREXEEDILFZIRINX —~LEBRTIRETHIN, ZORISEHELLIITOIE
D, MEER L EHEFER2DHTENRT VT F TN —BOF 2R L
DL, BRONT S AZIMABLEHANEELE. AT — MEBB & HIINSD Z OHIEIL,
REFEDNEMRCASEE L LTHAONTELR, TOHFEBIZOWVTI, REK
REDOENEZ, BB IN-—E DM, =5 LEERAORREZES, X
F— FEBPIZHLER 1 BIUYEEER 2ICABPEZ 300, FO5FEREZH LM
a2 L2HBE LTITONE.

Bz sk 1753 FEF X LHCH V VBB ERBEERKICBITA AT — |
B Tk, stt7 LFEEN 5 LHCH V VEM{LEER B REB L IKRICBIT 2 6L FERBES
KORAT— FBRICBITIHEZE(LEMICEIT LA, VUVBMEENahoTe
LHCIHIIHALFER 2 M BBMEE L 2ol &, LA L, (bR 1 1i3dEY (L LHCIH
BREELTWAZ L PHERINTE. ZofBRICEIY, AT7—FEBIZRITS LHC Y
VEbIX, BEER2HHO LHCH OBBEERICEETHY, AEFER1~OFHKE
BRICIIARETCHIZERHLNI R, THNET, RETHo7= LHCI Y 1k
DEBENEZMDTHF VN THLNZILEbD LFETE 5.

moHcEESENE (75 FEFRAD~AF—HEEX LHCI ORX5— FERITE
B FHEEE] TIE, A7~ FMEBRICKEFR LICKATAZ LR IN TS 2
DOHEER LHCH (CP29 BXLRCP26) DMREZ A2 =iz, EAIC RNAI Bz H
WT /o7 8v L, FORT— " EB~EXLREBR2MIT L. FORKE, CP26 %
RE LK TEREDOAT— FMNEBRRONZDOICH L, CP29 # KB LEMTIE, €7
DOEENME LHCH 23 %(LER LITFBE TERWVWI L ¥bhoT-. ZOREY, BEeht
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LHCI B FEHR 1 ~FREETHEIT, CP29 BEDHAEY A ML LT ELTWAS D
LEFRRBRLTEYD, 27— MNEBOL FIRIEMAICBIT2EERMRTHDELT, £
{6 D—AXEEIZ A S 1L72(J. Biol. Chem. (2009) 284:7777-7782).

IHET, PSH a2 7HFR LHCI Y7 2=y FEMTORBRERMESL I TV D
DO, EERNTREES L TWAZOMER2EEOKLSRECHET 2 FERXMLLTY
ol BZETHD IREMREKX PSI-LHCH BEAED I 5 I FEF AL DHE
B TiX, AT — MEBOSTEIBE AT S TR I W Z O REERFREIC
REFERIOBERSEZTRTAZL THA, RECERLEZLDOTHD. AFRICE
D, BEICHLESHEMICEET D LD ERI%D CS,ML, ¥ 4 7® PSH-LHCI B#EA
BIFEET D Z e S, AENL, RO T — MEBWHRIEN Y 2, BE 3
EHEABOMBRLEORBIIKRELS FETIEELRRRETHD LFMETE 5.

ENMIcERB IR (753 FESFRCBITS qE 7 F U 7 RBFICERINS
PSII-LHCII-LHCSR B#E A&k TiX, BZMCHRE LENRZ2, @t&HcEF IR
273 FEFTAMBBISAL, ZO&ETO PSI-LHCI BEAHICIE, & 5Ii2 LHCSR
HEEGLTWAZEZBHALALAEH®, LHCSR 13, HEOHAMEICSKEATHDI L
DEIABLEEICRENTEERZ VU R7ETHY, AFERICI Y, W OMBICHHHE A
H=ALOBMIRESERLELDO LT .

IHHLEBO—EOHERBRELETHIZ, KERAT— FEBIZBIT S, #HATX
VR IEBESEBAYTFESEPZII AN TV S OHM] BB LN R b
223, ARRSUIEARBFER L E LY, EREMFLEBICERTIEZAKRRD LD
b§%60

Ko TEHIL, EERFRL (EMBF) OFUzRESNIEERHLHDOLEBD
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