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(Chlamydomonas reinhardtii) % FEERFEFE LT, U Ny 7 ZHIENZ B 2 A2 #
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U Ry 7 2l 2 9 CF.CF IZRFA OBLFNT I L Ry 7 RS ME Cys 7RI
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CRIETHEEPT AT, ORGSR, B-hairpin KA A UL Ky 7 R IRE OB 2 il
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F.Fi-ATP synthase is a ubiquitous enzyme in cells of all organisms. The enzyme
produces ATP by rotating its central shaft using the proton electrochemical potential formed across
the bio-membrane. Interestingly, chloroplast ATP synthase (CF,CF;) is equipped with a redox
regulation mechanism on a specific insertion region of the y subunit (CF-y), which is the major
part of the central shaft. The insertion region consists of the redox loop domain and the -hairpin
domain. The highly conserved Cys residue pair on the redox loop domain plays a switching role
for redox regulation, although the pair is far from the catalytic site. Under reducing
(photosynthetic) conditions, these Cys residues become a reduced form, and CF,CF; is activated.
In contrast, a disulfide bond is formed under oxidizing (dark) conditions, and CF,CF; is
inactivated. Thus, the redox-sensitive Cys pair controls CF,CF; activity in response to
intracellular redox conditions that fluctuate with changing light intensity. The B-hairpin domain is
positioned along the central shaft of the CF;-y, and the top of the domain appears to interact with
the catalytic B subunit. Many studies have been conducted over the decades to elucidate the
catalytic reaction and its regulatory mechanism. However, the underlying molecular mechanism
of redox regulation of the ATP synthesis reaction in CF,CF1 has not been fully clarified.

In this dissertation, the unicellular green alga Chlamydomonas reinhardtii was employed
for the study. Seven CF;-y mutants related to redox regulation were generated; C198S, C204S,
C198S/C204S, DDE/NNQ, ARedox_loop, AB-hairpin, and Alnsertion mutants. First, | examined
the change in the redox states of the CF1-y mutants in vivo caused by the light/dark transition. AsS
aresult, I found that the B-hairpin domain is an important determinant for the kinetics of the redox
response, and particularly, the charge of the DDE motif determines the oxidation efficiency. Next,
| measured the ATP synthesis activity of purified CFi-y mutants. The results provided insights
into redox regulation:

1) There might be redox-sensitive amino acid residues besides the regulatory Cys pair.

2) The negative charge of the DDE motif, which had been predicted to be important for redox
regulation, is not essential for the regulation.

3) The B-hairpin domain functions as an ATP synthesis inhibitor, and the redox loop domain
releases the inactivation depending on the redox state of CF,CF;.

Based on the biochemical analyses described above, I propose a feasible model of
redox regulation of the ATP synthesis reaction by the cooperative function of the B-hairpin and
the redox loop domains specific to CF,CF;.




