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Molecular Mechanisms of Photosynthetic State Transitions
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Photosystem protein complexes (PSI and PSII) in chloroplasts have to work in concert to
perform efficient photosynthesis. Light-harvesting antenna proteins of PSII (LHCII) collect
solar energy, which is used to split water into molecular oxygen and protons. When PSII
receives more light energy than its need, LHCII is suggested to redirect the excess energy to
PSI, thereby maintaining the energy balance between PSII and PSI. This balancing
mechanism is called state transition, and its precise mechanism has been unclear. In the
series of biochemical studies carried out during my graduate course, I investigated how
photosystem protein complexes and their light-harvesting antenna proteins maintain the
energy balance in state transitions. Using a unicellular green alga Chlamydomonas
reinhardti, 1 first manipulated the growth conditions so that the cells were in two different
physiological conditions, so-called State 1 (PSI is more excited) and State 2 (PSII is more
exicted). Then I carried out sucrose density gradient centrifugation, nickel affinity
chromatography, and gel filtration to isolate both the intact PSI complexes and intact PSII
complexes. The protein identification by immunoblotting and mass spectrometry of the
isolated PSII complexes showed that more and less LHCII proteins were connected to PSIT
complexes in State 1 and State 2, respectively. On the other hand, the isolated PSI complexes
contained less and more LHCII proteins in State 1 and State 2, respectively. I also found that
the sequential phosphorylation of several LHCII proteins and PSII proteins occurred during
the transition from State 1 to State 2. These results have indicated that the molecular
remodeling of photosystem protein complexes by fhe interactions of LHCII occurs during state
transitions. Furthermore, I carried out the live-cell imaging of state transitions using
fluorescence lifetime imaging microscopy. The results have provided not only further evidence
for that the molecular remodeling occurs during state transitions in vivo but also its
significant role in the energy dissipation. The results of my studies during the graduate
course have elucidated that the mechanism of state transitions is regulated by dynamic

processes involved in the protein-protein interactions, molecular remodeling of protein
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complexes, and the energy dissipation for plant survival under different light environment.
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ERIIETOEMEFRIEIXAX—-DERETHY, TORED
BRIAMBELZECZBVWTECLEEERBEOD— 2 Thok. TELE
FEERGER 7 PCVRAERISOEMEAAL»ICEh, EHRZEFALEK
B THDIZ NI EEEEODIBLALIEIBWTYEBERREEESL T
BE, Bth T30k, RERREBOWH»CHMICHAB S L TW 3 H»,
ZOHMADOEBATHS. XAERIZ, BEFCES2>ORIELERTKE
EZ2EDIEETRIANX -~ LEBRTIRBETHIN, TORBEHRL
ITH57d, BEBERLILHECER 2O TERT VT T LFIENRD —
BOZUyRXIJBEERDLEDL, BHEOARFT VUV RAZWMAMEEANEEL L.
AT - BBRBLERENRZZOBEBIX, RENLAAXEGRRIGHEGEEL L
THLONTERLER, TOFFEBRIINETCELALLFALOM IR THE
Rpol. ARMXCEBRIAE—EOHREIX, T LEERAORR %
EBHh, LVDLDITARAT—IEBRERAEVWERLLTHALNBE T I RET
AERVWEAAFRRBIT2TI LT, AT - FBBPIXILER LB
JURLRER2EMBBZZ200, TOHFERBLALNMCT I L%
BERE LTfTbhi.

FE—BICREBENLE 7 F U IBEPOHALN TR, *
MIKREBEHTCAEFT LE SIS FETRIBITF2RABICE ZBRAR
REBERBECA T R HAEAHEKE)] TR, BEXFMNVXEHT,
TR _BIERFBESZGETIREWVWEZSI FEFRBROEAREER
o, ARPOEFI~BITE, B e b BEABEOHEHEITED
BRZFXANAVF—HEROHERPEZY, MV T2 o0 LZERBICET
ABERENAT P23 FHEEIZLeHLMTLE. ZOFRIT
XERBR2CBTIEERAR L L TEMBIIBE SN (Photosynth.
Res. 94:307-314, 2007). ‘
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— N BBROXREERIILLOEXT T F LHCUOBEIZ DWW T, B
BB DOZ U NI HBEA R LR T IR ENRIER LB
e, ¥, BEVNRIBEOBBOZBRETOY VEBR{EOBT»DL, B
o) VBRIECI>THEZR I BEAERERRENS, ¢+ 3RXF
— N EBBOSFETAERELE. ORI, REREILIPDBEIEH
FEEHED, RECI-TRYPTa=y r2HABELZBERR S B 2 2
ERLIEZMODTOH L LT, KERBZE»Y T ELEDRZ LK
KWEBRTZ260L LT, HHBZO —BIEICHRE &N (Plant Cell
20:2177-2189, 2008)

BEEWMICRB I RTF—-EBBRBOBERHENXT VT F 2 %7
B LHCHIDODRE] TiX, X7 — FBBRIZ, XIER U0 BHEELEN
THILFER I ~BRETHIEXTVvFFrE2 L 27EE LT,
CP26,CP29,LhcbMS D 3 D ZRE L T=. ZTOBBHENRT VT F X R Y
BEORHERZINETELL Lo TV AL bDTHS. ZORER,
2ODKILZERBEZRBILFVURIERBH L TWVWDZ L 2O THEH
LEEERBRTHLILEMENh, ToLFRXEGMBRTEIY LA
CHEZEREBIZETH LOLLT, kPET7THIFI—-RELZTITDhE
(Proc. Natl. Acad. Sci. US4 103:477-482, 2006).

BHUBICREBRENAE RTF—- I BERBICAOhIBEBT2EXT V5
FEUVRIJELHCII OZun7 4 VEREFMAA—D T TiX, £
F—B~B=HMOBRETEET X, EdIL, AT—+rBBLZBVWT220D
¥ILERBEEEXT VT FEFURIERBHTIHEITAZAL LATH
LI EVIBEDTHEBUARARART, FUrAJERERBIBH T 54
F %, FLIM (fluorescence lifetime imaging microscopy) P RE ZIE A L L —
F—ERBEABETBRELE. 2HLTELNLORE, ATF—FEBOD
EBITCHES THIEEZR N OBEFARELIRZILEVWIEHENLRETH
D, RILFERINPOEXRTVFF I U RIENRETIEOHND TDOF
R Ehi.

INOEEFEO—EOHAEBRE2ET DI, XARAT—+EBBOLHTF
BMBOBMEBKRELELR, TOEBR (A DDalBISsB S FHEEK
BETIEHNRIETIVS] THHRILXAALICRoZEITRS.
SHOBIXY, EMENL—BREBEETCELLZHEIATWVWEZ L D
PBEEIIC, AMXITAAGRBE, HORZERI VL LIVAZR2EICE
MTBLIARRDILONBD B,

Lo THEEFR, BEREEL (EARR) 0ORME2BEIhIER
HH LD LR D,
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