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ATP Akl (FoF) IXERNO=F X —REHEF 5051 Thd ATP Zfifa LT
WAHRAEMNET DX R EEAGIRT, il BlE S e DR IS 21T ) E— X —D &
VIR LI X R TH D, BREN T L2, SERRED N OIERER ATP A RkBES

(CFoCFy) (X[Elnfih 2k 9% y 7 2= ; (CFiy) EIZIENAREMTITR SN NT
BRSNS D, ZORA DRI Ko T, CRCFLIEMD FoF ITIXZRVWED T Ry s
A 2R TVWD, 2OV Ry 7 AN E 0 CRCFUITIEA RS & - TEH)
T2 IR N ER LB TR RE IS U TR A L TR 0 . RSN ATP O&hsRI et
BE - HERF A T TV D EEZ BN TS, L., L Ky 7 Rl %2%1F% Cys AT X
RO 2 IRV IZSH 0 | 722 D Cys FR AT OB LE TIRIENBERTEE 2 2 b S &
HIENTEDLDON, TONTHETIINE THLMN TR -T2, AHFFETIE, CRCF DL
R 7 AR %2 2 1 LUV T S I2 T 572012, s TR 2 23R 5 7 B fok i o
7 Z X KEF A (Chlamydomonas reinhardtii) % SEEArEIE LT, L Ny 7 AHEIZEE D 5350
PMACERZEN U BER AR - R L, 2005 OE(LFR L OSBRI 21T o 72,

L Ry 7 2l A2 9 CR.CRIZHRA OEFNTI TN L Ry 7 AR Cys R IHEA~T %
A3 5 Redox loop NKAA &, filfitr7 2= b EFAEAEH AJREZRNIEICHRE S LTV D
B-hairpin K A A > THERR STV 5, B-hairpin KA A U PICIE L Ky 7 AN BB 7 A E
ERE-TEREINTND, BEICRTESNZABMNT X /B (Asp-Asp-Glu : DDE) IZ&
EETF—T0DH5, RETIE. ZNODKE - RAA - EF—T0 1 Ny 7 Al
WZENENEES T2 TEL, VR 7 RHIHOAA v F A2 H Cys FEI4 Ser FRILITE R
L7=Z ¥R (C198S, C204S, C198S/C204S), DDE EF— 7 &+ 2 AEM T 2 /i 4
THMT 2 7B (Asn-Asn-GIn : NNQ) (2 #a L7-Z5{K (DDE/NNQ). Redox loop R XA >
& B-hairpin KA A D EL L—T%Hl - T2 Z IR (ARedox_loop & AB-hairpin) . & 7= (il
FHaHlo T ZRAR (Alnsertion) Z/EH L7c, 7, MALZENENDOER) CFi-y Ol
NL Ry 7 ZREBOPIRGIS I KT THEL R ~T=, ZO/RER, p-hairpin RAA UL Ry
7 ANSEORE & ZET HINFTH Y, FRZ B-hairpin KA A >N DDE £ F— 7 D&M A
WS CRAE SN D LSS DORFE 2R TET 2 Z E Do Tz, Fi T, BEA CF,.CFy &4
B EALEERE L Ry 7 ZHIEOBRE ATP ARk | KD REEEORIEIZ X - THA
2o ZOFER, © BEHMO L R v 7 ZAHERSZYE Cys FRIEAT LISMT ATP A G M IC 24
57 X BRIRENTFET SN HH 2 L, @ DDE EF—7 OABEMILL Ry 7 AHl{H




[CMZETIE N2 & @ B-hairpin K A A 203 ATP ARk | Ko iR 2 RIEME(E 35 A | »oX
— & L THERE L. Redox loop R A A U DER{LIREICIRAEIZ IS U T ATP A RT 17 D B D AEMEAL
EIRBRT D Z AR LIz, 512, U Ky 7 Al 2 i L~V TR 572012,
b (RYEPERL) CRCFL &, o (VEVER) Z #ifi L7 e bR ic 7 & 7 28

(C198S/C204S) % H A L7z CFCFy 122\ T, IR E T BAEE &2 F W Bk 7T 217 - 72,
FDFER . Cys FREAT DOfEbiE TLIRAEIC K - T Redox loop R A A DZFkEIZZE L4 % 28,
LR BEAME I E TOMEIXFIER CTH D Z B o0olz, ThuE, v Ky 7 AFIHNZ
X B IEMERREN T2 E A R AT E Tl 2 57220, SVRZ D LR HBRICL Ky 7
AHIHPERE L TWD Z & Z2RIE LTV D,

LU E DAL I J OREE W FRIFATIC ISV T, AR LTI [CRCR DL Ry 7
AL, CFi-y L B-hairpin K 41 > & Redox loop R A A > 3ER LR ITIREEICSE UC, il
M [ElEd 2 BRI AR AR 7 2= N EREVER L. ATP AR O B D15 % R EN
T5] EWVDTTF =y MERIZEDW T B 7= iR T VA RET 5,
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FoF1-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,CF1) is equipped with a redox regulation
mechanism on a specific insertion region of the y subunit (CFi-y), which is the major part of the
central shaft. The insertion region consists of the redox loop domain and the B-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,CF1 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 p 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. As a result,
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/hydrolysis 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/hydrolysis inhibitor, and the redox loop
domain releases inactivation of the ATP synthesis only depending on the redox state of CF,CF.
Finally, the protein structures of oxidized (inactive) CF,CF1 and C198S/C204S mutant mimicking
reduced (active) CF,CF1 were determined by Cryo-EM single particle analysis. As a result, | found
that the flexibility of the redox loop domain depends on the redox state, although the entire structures
at the steady rotational stop degree are almost the same. These results suggest that the redox regulation
mechanism does not occur at the steady rotational stop degree; in other words, it works at the moment
of rotation.

Based on the biochemical and structural analyses described above, | propose a feasible redox
regulation model based on a ratchet mechanism in which the -hairpin domain and the reduced redox
loop domain work as a pawl and adjust spring, respectively.

% @ WSS L. A1 2000 L B30 300 FEA L ETORMT D, b LI 800 #EE 1R LT Z 30,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or 1copy of 800
Words (English).

HEE @SBRI R LRIV —F IR (T2R2) IZTA U Z— Ry MARINET DT, AK A[RERHPADO AR TIERL TTZE0,
Attention: Thesis Summary will be published on Tokyo Tech Research Repository Website (T2R2).




