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(Study of light-harvesting mechanism in photosystem II supercomplexes using a novel

purification method)

Photosynthesis is a reaction that converts light energy into chemical energy.
One of the most important protein is photosystem II (PSII), a protein complex in the
thylakoid membrane of chloroplasts that splits water into protons, oxygens and
electrons. Photosynthetic organisms use electrons and protons to fix carbon dioxide and
synthesize carbohydrates.

In green plants, PSII is surrounded by the light-harvesting protein complexes II
(LHCII) and forms the PSII-LHCII supercomplex (PSII-LHCII). LHCIIs are classified
into three types, S, M and L-LHCII, according to their binding strength to PSII. S, M
and L-LHCII represent strongly, moderately and loosely bound LHCII trimers,
respectively. In land plants, the structure of C2S:M;-type of PSII-LHCII in spinach,
which has two copies of each PSII (Core) complex, S-LHCII and M-LHCII, was
reported by negatively staining electron microscope (EM) using a mild detergent, n-
dodecyl-a-D-maltoside (a-DDM). In the unicellular green alga Chlamydomonas
reinhardtii, a C2S2-type was thought to be the largest structure as it lacks CP24, a minor
monomeric LHCII protein specific to land plants acting as a linker between the PSII
core and the M-LHCII. However, when a-DDM was used to solubilize their thylakoid
membranes, a C2S:MaLa-type of PSII-LHCII was identified. In this structure, L-LHCII
binds to PSII core in the place of CP24. Although the sfructure of the C2SaMaLa-type
was revealed by negative staining EM, no atomic level structural analysis has been

reported so far. One of the reasons for this was the instability of PSII-LHCII in C.



reinhardtii. Specifically, the LHCIIs tend to dissociate from PSII-LHCII during and
after the purification process.

In this thesis, I developed a novel purification method to overcome the
instability of PSII-LHCII using amphipol, an organic polymer that stabilizes membrane
protein (Chapter 1). Using this method, the stability of the PSII-LHCII of C. reinhardtii
was much improved, which would be especially useful for cryo-EM. In Chapter 2, I
focused on the protein composition of LHCIIs of C. reinhardtii. In our collaborator's
sample, a C2Sa-type was analyzed at a resolution of 2.7 A. According to the structure,
the S-LHCII trimer consists of three species: LHCBM1, LHCBM2 and LHCBM3. The
strain lacking LhAcbM1 is known to have a low quenching capacity, the ability to convert
excess light energy into heat. However, the detailed mechanism of this quenching ability
has been still unclear. I therefore purified the PSII-LHCII from a LHCBM1 deficient
mutant (/hcbml) and compared the structure with the that of the wild-type strain.
Although a previous study showed that /hchm ! has a reduced size of PSII-LHCII, my
result showed that the same size of C2S:MaLa-type was formed. I found that the lack of
LHCBMI1 was complemented structurally and functionally by another LHCBM(s) in the
presence of amphipol, which suggests a critical role of a galactolipid bound to LHCBM 1
in energy quenching. In Chapter 3, I focused on the structural changes in PSII in the
thylakoid membranes in land plants. In the previous study, PSII-LHCII of land plants
forms oligomers only under low-light conditions but the significance of this phenomena
has not been clear. Using the purification method described above, I purified oligomeric
PSII-LHCII and attempted to understand the significance of this phenomena. As a result,
although the protein compositions are almost identical, biochemical and spectroscopic
data indicate that the monomeric and the oligomeric PSII-LHCII are suitable for high-
light and low-light conditions, respectively. In Chapter 4, I focused on whether the
structural change in Chapter 3 also occurs in C. reinhardtii. Under low-light conditions,

PSII-LHCII megacomplexes, which ~were composed of two PSII-LHCII



supercomplexes, were found, but the amounts of them were smaller than those of land
plants. Although the importance of the light-acclimation mechanism found in Chapter 3
is different compared to land plants, this result suggests C. reinhardtii has the same
mechanism that forms oligomer under low-light conditions. In addition, I found the
angle of the LHCII in the PSII-LHCII megacomplex is different from that of the PSII-
LHCII supercomplex, which is possibly important for changing energy transfer
efficiencies.

In summary, my studies focused on PSII-LHCII and challenged to understand
its light-harvesting mechanism using biochemically isolated samples via a novel
purification method. I investigated not only the detailed structure of PSII-LHCII itself,
but also how it behaves in the thylakoid membranes. Specifically, I revealed PSII-

LHCII forms oligomers that could collect light more efficiently than as monomers.
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T FIRNSFAEALT SBICHELBOREEMEAICK o TRLE &7z 5 Bl i 72 33 M )8
Hol, ZOH, MFEFMHELTYDOTBESEKEL THETS TN DET, T0
BEEAEOMBEOEL 2, REVWRAGROBIE, Lk, REEELZEOFEVIHED
HF &R TER,

AR ELWMLXETE4ETHRESIN TS, HEFEZ, TTE1RCBNT, 2R ITE
BEFEEZ - BREMREEEAICTBEM L ZRICHBAMBER) T —THo7 7 4 R=)
WHEMBETSEN FIEEZMEL, BEAAKRE L TOLEN 2B U 7= 5 B8 5%
L7z ZORBMAERICLIORE SIREFANSHABINZERIT, REEHBKELT
EHENEWNIEN D T, ¥E40RBE®%D s BEHOENT > FF TH S S(Stringently
binding). M(Moderately binding). L(Loosely binding) =&/ LHCII 28 iF & A E S
T EEEAEOIERPRIBICN LTS EEERERMNCES BELWEEOLDOTHS Z
EWRENTz, B2ETHE, BLILETHIINAEAFEZAWV, VI FEFADS =Z&E
LHCII ¥V 71y h@O—2ThH5 LHCBM1 REMH I DRI BEAGZEEL. &
THMBEARCHEN TRTICI2BEMIT 2T o7z, TOHE, ALERKIIEBWTHEE
HWERMMIC S =84 LHCIL O# S L2 HLFRIIBEAENRERINDS I LNHSME
IRole. TOZENG, FERKNFF DB CHAMBMERBAELIZ LHCBM1 RY XS
FRORETIE/R<, LHCBM1 NEEMNICHETH2H 77 FEEORKRZEZ2HDTH
L&A L, BIETIE, ACFEEZERELENTHIL ERIL >V TICEMRLRE, &
OFE R, BHRETFTORIL 2V TENSRIHEZRINBESHAOBEEMAE ¥R I
BESHE array] OUE¥ %R [T BEAKOIVF =) DHABMEINSH., BIEEBFIZLD
HEEAOAIZRDSIE. T L THEATEIMH I N2 BB B BBENLERITBES
fk array THRIENRNI EERR Lk, AR I BEAH array 13, BRBEE R
BIWCE FRHME CTREESNTE LR MBER TH S semi-crystalline array @ —{ TH
HEZEALNDIEERAL, INETZTORENNVHS N TN o semi-crystalline
array i3, HXMEFR N BESGAEZIINF L L TRBEAKBAEEZM R, WITHELHE
Z2HRILT 20D bOTHDEEmlTc. RREAETIE, SABRELAEISIREST X
CBWTHHMFZRNBEAGEO—BENASNS ZEEZRL. ST LV TEEHAMY



BEETIEIEZVWHOD, VSIREFRARZOBEFYL VT EELO® array BiERRICEL S
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