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Photosystem II (PSII) from oxygenic phototrophs is evolutionarily related to anoxygenic
purple bacte;'ia, as evidenced by the similarities in their heterodimeric reaction <‘:enter, {RC) and
quinone-mediated electron trahsport system (type-TI RC). The purple bacterial photosystem
lacks MnsCaOs cluster, the catalytic center of the photosynthetic water oxidation, and certain
extrinsic proteins which reside ubiquitously in the periphery of PSIL. In purple bacteria, a
circular light-harvesting pigment-protein complex known as LH1 is closely associated with the
RC to maintain the structure and function of the-bacterial photosystem. In the photosynthetic
organisms with typg-ll RCs, calcium ion is an gssential cofactor and intimately related with the
differences between the aricestral and the evolved phototrophs. The roles of Ca*" are significant
for understanding how the photosynthetic organisms have utilized Ca ions in response to their
living environment and during the process of the evolution.

in Chapter 2, the sh'uctgral and functional roles of Ca ions in purple bacteria, the ancestral
phototrophs with type-II RCs, were investigated. The LHI-RC complex from purple sulfur
bacterium Thermochromatium (Teh) tepidum is believed to enhance the thermal stability
upon the binding of Ca>* to the C-terminus of LHI-polypeptides although their molecular
mechanisms are largely remained to be resolved, Here, I applied perfusion-induced ATR-FTIR
spectroscopy to highly purified LH1-RC complexes from Tzh. tepidum, and detected for the first
time metal-sensitive ﬁne; structural changes involved in the enhanced thermal stability of this
complex. The Teh. tepidum LH1-RC complex exhibited Sr**/Ca** ATR-FTIR difference bands
that reflect cha;nges of polype;lﬁide l_)ackbones and amino acid residues upon the replacement of
native Ca* with Sr**. The difference bands also appeared in the following Ca?'/Sr** ;liﬁerence
spectra with almost identical intensities but inverse signs, demonstrating that the structural

changes induced by the metal exchange are fully reversible. A comparative
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analysis using LH1 complexes lackiﬁg the RCs strongly indicated that the metal-sensitive bands
originate from polypeptide backbones and amino ;acid residues at the putative Ca**-binding site
in the C-terminal region of Th. tepidum LH1 complexes. Cd**-substitution exhibited unique
structural modifications, which may be responsible for the severely deteriorated therrfnal
stability of Cd**-substituted complexes. Furthermore, the observed FTIR signals were
tentatively assigned based on the isotopic shifts by uniform N, '*C and H-labelings of
LHI-RC complexes. The molecular mechanisrp enhancing the thermal stability of 7ch. tepidum
LHI-RC proteins are proposed on the basis of the possiBle assignments of the ATR-FTIR
signals and the recent structural information on the Ca>*-binding site.

In Chapter 3, the structural and functional roles of Ca ions in PSII from higher plants, the
evolved phototrophs with type-II RCs, were investigated in connection with the extrinsic
pr;)teins that are lacking in the ancestral purple bacteria. Photosynthetic oxygen evolution
occurs in an oxygen-evolving complex (OEC) of PSII although details of the reaction
mechanism are not fully understood. Genérally, one OEC includes one or two Ca®*, depletion of
which results in the loss of oxygen-evolving ability. In addition, an extrinsic protein PsbP is
closély related with binding properties of the functional Ca?*. The‘refore, it is significant to
* understand functional and structural roles of Ca* and extrinsic proteins for elucidating the
reaction mechanism of the photosynthetic oxygen evolution. In the present study, effects of
depletion of Ca* and/or extrinsic proteins from the PSII on the oxygen-evolving ability and
thermal stability of the OEC were. examined using Ca*-depleted PSII sanip]es prepared by
different biochemical procedurc?s. The oxygen-evolving activity of NaC]/EDTA preparation in
which Ca®* and extrinsic proteins (PsbP and PsbQ) are depleted was decreased to ~20%

compared wiih untreated PSII. However, the oxygen evolution was completely silppressed when
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only Ca®* was removed. from the PSII by Low-pH treatment. In addition, Low-pH preparation
was less stable than NaCI/EDTA preparation. Based on these and other findings, it was proposed
that the exfrinsic protein, particularly PsbP, plays key roles to protect the OEC in the presence of
Ca™, whereas the PsbP may act as a metal-binding protein in the absence of Ca® to decompose
the catalytic MﬁﬂaOs cluster, resulting in the loss of O,-evolving éctivity and the deterioration

of the structural stability.
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