FET 2 IIL¥—BIAEE Laboratory of membrane bioenergetics and metabolism
3% &L Prof. Ken Yokoyama Ph.D.

1. HRBE

EMOMRFICE IR ALF—DPRETHY ., EMPATRILF—ZFEVLTVWRICER, TNEFES5ETHEA*ZHRT
DN, EEITFILF—%F (Bioenergetics) TH D, EMDIXILF—BETHS ATPIF, FICI bavy FU7
ICHFEETDATPAERBRICEYVESNS, EONATPIZ. EVHFEHT D L. £EEDTFOER. DR, &
EREIEDND, &z, KA O~ ATPase (V-ATPase)ld. ATP% - T/NEARICA F > &8k L,
ZOBMAEEL THRALEBRSE%2IBS5, V-ATPase D& 50, ATPZE > TEBEZERNRZ v /37 BT EHHEE
EFEN, ZOHERIE. TNZTNOBEEEROBEZREOLNICT H I L TEVRbA > TERLA, THAERLE
S2TW3, bolETREVINIVBIOREIDTEBAE I > TATPO IR L —2 X CEHICERTE0H
. ETHEKEVHBETHY . BARINZEDGRZOBREDO—DTHE, ZONFHEMOMETHEAZHEAT 31
3. ZOBELHRERZLENDY, TDHHOFEHEE L THLAR., 1DTFRGEBERE 7S A A BHEICL2#EE
EYFEHEI{ToTET,

2, XEEOHREE

1) V/A-ATPase O BRI & T
SERAWEZEER V/A-ATPase (TSSAZER) &, FEFRLICH IR LA VEEA LY VEEIC, £ VEE
7S VEREICEZLLOT, BEICEDH S ADP OMBERMUIICHTIRMUEMETLTWS, ZDEERKE
Z0 ATP ERGEECHMREERE, EXRNAMEIITER O V-ATPase L IZIZFALTH Y. BER V/A-
ATPase ¢t RIEFEEZ TRV, B L7 TSSAZEK V/A-ATPase %, EDTA %2 &0 Y VBEFERTENT 2 2
ET.EABLTWD ADP 2 FIFREICBRCIENTES, XILFTFREZEEHWVIKED V/A-ATPase
Vosetree) ZF / TA RV ICEBER L., BRFBA T3 LT, TXTOMEY A FAZOREDEE (ATP #4
FLBE)ZBDIENTED, RIC ITHLT MESHEE. MAFELEE ATPRAFLERGFICHD LS IIR
IEREMA RS E-% BRAEGELTCII7A4F 7Yy FEMERLE (K1), ZNEFNORISEHTD I A4 F
7'V y K&, Titan Krios TiRE L. BRFET T2 2 &L TURBEEEH -,
BRI TH D V, XA v id, BRI 2 3 2D AB dimer ', EEG#HY 721y FERYBATH
%, 32m ABdimer I, XL FAFRFOBEYRLICANTHST, BBLAEE (ABBI). PPHL#EE (AB #
B). BAL#EE (ABH) B> TW, ATPEEABTVWEH TOBETIE. TN TOMBEIRMIC ATP H L <
. DEBEMTHD ADP OBEENBRINT (Viand. ATP REMMEL, ATP EENEREREIC7 % M4 TIL.
AB #EA. ABRAICIEX 7 LA F FOBEEINBERINEA. ABRICIEX I LAFROBEN AL -7, DT
. ABBRIC ATP PEB L T Vi BEILARDZ I EETRT, SO LF. ETOMBEITMAAX I LA F FTHD
LNTHH, BORENLI DI EERT, ATP OMKDEIELL RS ATP 7FR7A2EB L L THWEH
THEOLNT-EETIL ABEICIE ADP A2, AB ZBICIE ATP A& L TW 7 Voenya)o TP Z & 1E AB B D ATP
DHRREF->TWEIEETHD L ERL, Thbhbb, ABEED ATP AN E N3 1213 ABEA~DEBEZLH
I ZEERT, ABEM-ABRHAOEEEN (L. BMOREEZFED O T, ATP OMADERG & O EIEA & L
TWBZEHRBT 5, ATP OMKSBRIGIE. BEREH S BERGAD T, BOREA/HERVEOBHET
INF—EICL->THEIINDEZ EZTRT D,
3DODOMIEERAMI T, ATP IKDBO KISBEBENF AN DEBFICEI Y, ZNENORIGHEH X /X7 BOEEE &
BEBRICHBET AL THERBEHMOBENEEL TWEZEADA = (B 2), SEIOWMERREICLY ., T2
DOMBERAMTO ATP MADBRIGOBHAIT R —ZH, BZ VX0 BOREEHET 5, ZEBALH,
IZRVEL COLSICEBTHYREEALT ATP GREZN/EE L, ShoEEICL Y ATP KRR C/EY
FEIN2BARAOEEARIE. KELERETH D,

56



1200 E¥EiE 120° EEEH

ADP+Pi

ATPRESHSINE ATPRES SIS

©)

) 1%
;"'JII FERAR P!
e

L,_,_J"_‘r’ b l"."\
ATP ATP < ADP-Pi ADP+Pi @

M. ATP #EAF 6B S OB (2Z) ICATP AL CATPHEABEBEICARDS, QAL ATPICLS
B S EANDEEZEI. @QATP & L72Z£B D 5 ATP 2 IR I N IREICH 2B ~DEEZ. O
ADP & Pi A& LB EOEERICL VBICABZ ETADP & Pid T ENS, @lF. ATP AEE L7
e, DBRENDIREICHZ ATP A A LB DRI, EA LA ATP DREBICL2EHEI ALY —=
b, BEBRICHDE, O~Q0ETLED 1200@ENHBRITZ I & T, 1HTF0 ATP AR E L ATP

BERHBEICRS,

3. Research projects and annual reports
Energy is necessary to sustain life. ATP, the energy currency of life, is produced mainly by ATP synthase in

mitochondria. The ATP is used by living organisms for synthesis, degradation, and transport of biomolecules.
For example, vacuolar proton ATPase (V-ATPase) uses ATP to transport ions into vesicles and is responsible
for various physiological phenomena through its acidification How a molecular machine composed of tiny
proteins, such as FoF1-ATP synthase and V-ATPase, converts the energy of ATP into transport and motion
is a very interesting question and one of the life science problems to be solved. To elucidate the mechanism
of this molecular machine, it is necessary to see its movement and shape, and we have been using single
molecule observation and cryo-electron microscopy for structural biology to elucidate it.

We have obtained an important insight in molecular mechanism of rotary ATPase using cryoEM last year.
The mutant V/A-ATPase (TSSA mutant) used in this study has changed the threonine residue in the active
center to a serine residue and the serine residue to an alanine residue, resulting in reduced affinity for the
catalytic site of ADP involved in inhibition. The basic properties of this mutant enzyme, such as ATP
synthesis and hydrolysis activities, are almost the same as those of wild-type V-ATPase and can be
considered equivalent to wild-type V/A-ATPase. Purified TSSA mutant V/A-ATPase can be dialyzed in
phosphate buffer containing EDTA to almost completely remove bound ADP. The nucleotide-free state of

the V/A-ATPase (Vnuctree) can then be reconstituted into nanodiscs and analyzed as single particles to obtain
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a structure with all catalytic sites empty (ATP-binding waiting structure). Next, the cryogrids were prepared
by adding the reaction solution to the cryogrid under the catalytic waiting, hydrolysis waiting, and ATP
binding conditions, and then flash freezing the cryogrid (Fig. 1). The cryogrid under each reaction condition
was subjected to data acquisition with a Titan Krios, and single-particle analysis was performed to obtain
the three-dimensional structure. The V| domain, responsible for ATP hydrolysis, consists of three AB dimers
that form the catalytic hexamer, surrounding the rotational axis subunit. three AB dimers, with and without
nucleotides, consist of an open structure (ABopen), a slightly closed structure (ABsemi-closed), and a closed
structure (ABciosed). In high ATP concentration, all catalytic sites were occupied with ATP or the degradation
product ADP (V3nuc). ABopen had no nucleotide density. This indicates that ATP binds to the ABgpen to form
the Vinue. This indicates that all catalytic sites are occupied by nucleotides before the rotation of the axis
occurs. In the structure obtained under the condition of using ATP analogues as substrates, which slow down
the hydrolysis of ATP, ADP was bound to the ABciosea and ATP to the ABsgemi-closed (Vprenyd). This indicates
that the structure is waiting for the degradation of ATP in ABsemi-closeds 1.€., the degradation of ATP in ABsemi-
closed 18 accompanied by a conformational change to ABciosed, suggesting a tight coupling of the ATP
hydrolysis reaction with the axis rotation, since the conformational change from ABsemi-closed t0 ABclose 18
accompanied by an axis rotation. The ATP hydrolysis is exergonic reaction, suggesting that the rotation is
driven by the free energy difference between the catalytic sites. At the three catalytic sites, the reaction
processes of ATP hydrolysis occur separately and simultaneously, and each reaction is strictly coupled with
the rotation of the axis protein, indicating highly mechano-chemical energy conversion (Figure 2). This
elaborate and ingenious mechanism by which ATP synthase functions and the natural mechanism by which

ATP is efficiently produced by rotation of the axis is a tremendous marvel.
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