(®)
2014 2016

ATPase

Investi%ating the structural change mechanism commonly underlying over the

ATPase family

Ito, Yuko

3,100,000
ATPase
ATPase
ATPase ATP (ATP )
F1-ATPase beta
ATPase

Enzymes of the ATPase family accomplish various functions using ATP
hydrolysis energy, which is widely used in all living organisms. All proteins including this
important ATPase, proceed their own reaction (function) along with the structural change. So as to
understand the ATPase mechanism commonly underlying over ATPase family, the structural change of
ATPase were investigated. The structural change of ATPase comprises the three different
conformational changes: by ATP binding, by ATP hydrolysis, and by product release. To obtain the
whole mechanism, all the steps need to be clarified. The beta subunit of F1-ATPase which has been
studied extensively, was selected as representation of the ATPase family protein. Using the MD
simulations, all the steps of the conformational change in the beta subunit were revealed. The
mechanism obtained here was compared with that of other ATPases.



¢ X C—19, F—-19—1, Z—19, CK—19 dm)

1. WSO 5

ATPase A X, MHUIUHEHIa PN ¥'E
%, ATP O A /s E =3 VX — 23 2 A1
G ER ) BEEREAE 77U —Th
%o T DFEIFERERBLOBIZIZ, ATP 41
AL COIREE R 2L ST 5,

9T D (Walker®!)ATPase & A'E X X 7
L AT REEENALIZ, Walker A/IBE T —7 &
P-loop Z HlIZLRFFT- 223, Z 4L HD3ATPAN
KRS B 7 B A Fe -9 2 LT
LT TS, L LL, £ 6 R
&N ATPaseE H'E O 2RO REEE LIz b
HZLZmen v, b L, IR
(CEDEEZELOBE T S o\ &
B2 R LTWD ET 57 51F, Walker A/B
EF—7 L P-loop IZATPase” 7 X U —[]T
FEHITMAREENLTWEZ b, 215
DHEEZL TR THEENL, ATPasef#] Tk
R FREMEDN B D

2. WEDHEM

ATPase & HE I EIICAFTET 5 Walker
A/BEF—7 & P-loop i% ATPase D& 251k,
DOImfE CEHEREEZRZLTWELENE D
NEH LT 5,

H L. ZOE4SD ATPase OREEZ(LOE
R EHSTWD ETH256E, b
13 ATPase 7 7 X U —RI Tl E 9 &5
/\“ZDO

3. WO HIE

ATPaseZE HE OMEEZLIX, EETHD
ATP® 3 DA X MMATPHE A K53 iR
i, ERMIREDIC Lo Tl SnDd, i
S THEEDEFZMDITIE, TNHEL DA
Ty TICL - THIEREIENDTXTOHE
EEALD A B =X N BB S M2 LT
W BN H D, DA = ALEHL )N
T Hax5% s LT, By FE— X —
Fi1-ATPaseZ ATPase”7 7 S U —DftFE L L
TEATS, BATZEEHIL., ATPase®H ThH
o> EBENEATEY £ ODERT — X
NIFIET D6 THD, LirL., Fi-ATPase
FasBsyEERDOE R ThH Y, EEEATP
O L CHEMEET 282, pr7r=
= bDODHETHDHZD., KW TIiE
F1-ATpase DB 7 2= NMIHRHEEK > T
WFFE D 7=,

Z DOF1-ATPaseDBY 7 = v s DHEELE
{EDA T =X LEmBFEE LT, RV
LT L2 E RGO 2 i L, 7
VY TINY T BRI, Z0)F
HEIZ 1 ORI MD FHEAETIERL, #E
¥ MD FEZMNICITV, Bod FH
ROMRE D, WEEELICEEY A=V
F—2LBERD D, ZOFETIH, Z )
7B OMEEECE ERIICTHETE 5

UEDXSIZLTHLNIE AT =X LN

ATPase 7 7 X U —[THa@mn E 9 &Moo
EHETHLHAT,

4. BFGERRE
FT ATP HEARICED B VT 2= FOHE
&2k (Open — Closed) #3221 —¥'3
v LTz, ATP #E& | IEFEATITO, B O
EEMICHE HERZ R LEF =22 1A
(T, (BUGEREIZ1E, Open & Closed #
EHO RMSD (V¥ " ffmA) O7%E
ADrmsd % & A 72,) ATP #5 & % CTiX
Closed H§E D= /L X —IREENEKL . Wil
FEREETTIT Open #ENMEV, i,
ATP Z#EA L B V7 2=y MIBAHEMW
(S22 (Open — Closed) 4573, FEfG
ED%4E, Open DFEFEFTHDHZ EETT,
w2, HHZRLX—HIE T (K 1A) =0
AL BEDJFRIA L 72> TV B J/GFTHE 9 D &AL
EYRDIZ0, 7 X BEOM AR BREECH 84
Bl b7 ERBIE LTz, T0ORERE K
JSVEREERZ I > CTE LD L Ry DA
{EDNEFRE DREEFR, DF VAT =X
LoD (M 1C), B @ ATP #iaIZ &
HREEEIIE, KRENIT 2 BB ED,
O  ATP AV OKRFREA DLRTEEZ.
(K 1A & C, Open — Int.)
@  C ¥ FAA ORI E 2L,
(K 1A & C, Int. — Closed)
Int. B L O 4, i, iii, Uphill (1), Downhill
(2), ZFHIXXFE B,
HBon-aEERE, BEOERT—F L
BETDIZ, SHLICZINLRMOELRE
oo T,

>

ATPEER B

Closed |

Closed##§i&

(o]
3
3

Uphill (1)
——Downhill (2)/
i .ot
g
ey
ADymsg (A)
TPIEfESE

[ Open Closed'l_'

BB RILE—
(kcalimal)
5 5 8 R

i

-3

BEIHLE—

O

(kealimal)
e w3 nd R

yobhg T

ERC
4Dgmsq (A)
n

Uphill {1}

Int, 290Nl 2, 5 o Closed
1881904 266260 (AITT.1IBMELUHT 9T, BAY w2 Zeikst
LEOMECHLT

Tha,
CHFAAAMLS)

Open i— i

ATPD  BIR S, (BT L— AT ED,
1) e (2B B E 162005
. 163182 5.

1 (A) : B OEEZEGICH S B =L ¥ —Hifg, ATP
EERITOAM/N T 1, 11, il, =RV F—NETT 5
¥ 4y Z  Uphill(1), Downhill® & L . % @ I %
Intermediate, Int. & L7z, (C) : HH/ N 2EE S S/ O
SIS oy OAEEZAL 2 BRI R, bR e YU —X1X (B)
O HIE (Bl b IR, BFET 2 BEs
(Bovine ® F1-ATPase) %/~ L. BEIIKERHE,



EFFTODE4S T Walker A £F—7 & B
EF—T7 DM TOKRBMBEOETI VB X L 2
> P4y (Hisl77, Glyl78) o —ifi 4 mlfEs /s
B 5, TILHITERT, MEZICHLER
FRIREZTH D EDFEND HILTWD
& 512, Walker A/B % P-loop kﬁ%%ﬁ’]
WiEx 2 b &%, Z o £ b »n E
T Rr ¥ — [E B (ii —» Int. @
Umm(D,E]A)K&ofwé:&ﬁ

DHETHLNI R 5T, RIZOIX, OT
ﬁﬁén%zWPﬁAﬂﬂwﬁ E%%m
HT <, B helix (¥ 2C OFRKH) 236
P9 5 RS o L TR E &2 2L S
THIETERZ B, Bh&x@%ﬁ%kﬁ%
X helix @ 1 BEHIEEEN, EHATH
%5 C Wi RAAL U TIIREREESILE oo
THNLD (X 20), EEZEICEY ARz X%
JLE =234 5 keal/mol ZEIZ B0, (B
helix @ RMSD 7% Downhill (2) (ZH44
% ADrmsd =0 — 1.4 {27 T, Z{kL T\
Do 2B) ZiuX helix EOBKMAEHAE
ANz sz Licks. #AEKTIE, @2%
M asBsV v 7 DR E BB EL &4,
HEHEEAZE L TV A7), Whbd vz o
HATCTH %,

A O AE B helix

Lys162-His 77| Jee
o

0] wamis (PoB 2000
110) OpenMit= 142"
| ClosedMik= 117"

ADysg A)

2 (A) (B) : BifIISOGEAE A Drmsd, #EdhiL/R
FrEE o2, B 2L -0 i, (A) : C
W 0 OAEEE (C 5 RAA 2RO REEE
{£), (B) : B helix OEdEZA L% Closed Hi&Em 6D
RMSD i CTm 9, (O): & v 7 & ¥ 7 v ik
B helix Z1LHi#% (ADrmsd = 0.0, 1.4) O,

I ATP IR R E DpY 7T 2=y D
#1524 (Closed— Open) %33 2 L—¥
g L=, 2O ATP ks cF /M
T2 > TV D D08, ATP MKy iR sty o
=D T DU EEBIMKD % T < IR
LTob, pH7 2=y FOiED Open (12
B, FNEH U BRI MEE, X
oA Mok EFEofzFFE, HiEIL Open I
RAEDOMNEVWIRBETH -T2, £ T, 20D
ATP Ky fifte OREEZE DT I 2 L—
a0k, UV UERRY A MRS Lz & S
N Open {272 B 8% — & U VNI I
Rt L7z (&Y FMiTid ADP o &) IKEE
TOpenil72d 20D /RZ—2 O, [A
ANV A I N ) B/ o AN = R £
TRNF—ME LG, TOTa T 7 A V%
X 312~ 7, 3BT L DI, U R
FREE L THOHBAEED Open (272 D54 1204,
Closed 75 Open 15 IZ 72 BIC K& 7p = %
VX —DNRY T REH DD iﬂfC U RN
FEETA ME EEo25AT, BEALIE
NRYTVLAIZERZ 5, ’;ﬁéof\ ZOEEIC L

Frea Enargy

o
4 3 -2 4 0 1 2 3 4
"Dimsg

4 3 2 4 4
EZ‘DDI?B

M3 B OFEEICHES Bl F—HE, ALY
CEEPEMEALICHE S L £ TOMEL . BIZY
DIREE L 7oK E T oME AL,

0. UUBBREEDO X A IV T EA LT

TEMTER, 2ZTEBIT, U UERER
S THEEDS Open (IZ72 DG E DA = A L%
R CHhT, TH&8, K41 T XD ITAER
Yo gL ADP OB H WA 2 [ZHEN T
WL DIV, (ATP #5412 & 5 closed J71)
OHEEZELTHEETH > 72)Bhelix 23,
Open HAIICATA RT5Z & TaFHEEE
Open (2D ED T EBTNoTz, TDV
VEEE ADP 2 ENENAA T 25T,
Walker A/B Thote, 22Tl Ve
ADP DEBEN+rBEN T & Z AT, Walker
A/B OISHBLEENZEL L, Tl fE-> T
P-loop O EHITH LT D, REMITIE
P-loop IZf5E L CW =AM (ADP) O fihf o
D, LED X5, GO EERT
X ROEE) L O X LY AR D i
HET 22 & bHBNR-TVND,

Closed Open
SHEE= B-helix Y B-helix #Y= Pi EADPASRRAR

L
A

4 Closed 75 Open #i&(272 5 & & O X H 2B b %
F LD,

Z DF1-ATPase TH 0T o7 A 1 =
R LD OATPaseFE A'EICY TXEDLMNE
I MEFRTHT, ETIHEEEZ R TH
% &, Walker A/BEF—7 L P-loopld, 1
JTDT X JBES EICRES N TWA T
T, R HEE ECHF1-ATPase & [/ U &
IR ERIREICE L TCTWD I ENEND
LTz, F£-& 51T, ATPasell kk‘i %T‘
m®37vj%%«nmmm 7RISR

WY T A NFIET D k%)
of%fk\éo DO EMND, ::&:%u‘:
F1-ATPase TOEELEALD A 1 = X A ps 3k
HTHDLZENMTABIND, EORFEME
B &2 T BA58IE, BIEETH TH 5,

< 5| 3Tk >

(D S. Hayashi, et al., (2012) J. Am. Chem.
Soc. 34: 8447-8454.

@Yagi, H. et al. (2009) J. Biol. Chem. 284,



2374-2382.
(®Masaike, T. et al. (2000) J. Exp. Biol. 203,
1-8
5. FERREERIMLEH

(BFFEAREEE . WFZE 03 M ONHLEERFZE 12
=Y

GEeEams) Gt 3 1)

O© R A GHEE A D SRR R
Lo fEE. RE O BRSO S22,
Dissection of the angle of single
fluorophore attached to the nucleotide in
corkscrewing microtubules. Biochemical
and Biophysical Research
Communications 485: 614-620 (2017)
DOLI: 10.1016/.bbrc.2017.01.165 A5t H

@ (gt w0 T8, The mechanism
of the aff conformational change in
F1-ATPase after the ATP hydrolysis:
Free-energy simulation. Biophysical
Journal 108: 85-97 (2015)
DOI:10.1016/j.bpj.2014.11.1853 25

@ ik th1. o . 2RO
NFFE DX T 0 — % —O[Rlix
RS, AmE 55t 23-26 (2015)  DOI:
10.2142/biophys.55.023 £t

(%K) Gt 41

O =k . B . A0 sl #hn
W, R &2, 1OFBIEE Fyx s
T al—vary THENEEEEZ®E L TH
5 INZ 72 o T AL RO T D BESR O ER
fb.. % 54 AARLEYMELFSES . 2016 4F
11 A 26 B, o< ITEES®ES K. o
<)

@ M B, R thi, RN fEE, Mo

s, WK S22, FHRITRIFME 7 7 4+ —
HAL A=V TR DHE—ENBFEDOA
FE & REAJT M O, 5 53 A ALY By
S 2015 29 H 13 B EIRKF AL
&3R)

@ fgrig i+ . o . The
conformational change mechanism of the
B subunit in Fi-ATPase revealed by
all-atom MD simulations. % 52 5] H AR
W BRE RS, 2014 459 A 27 B, ALIR
arv Ry g —deiEE, AL

@ {FHEE i+ . Mo JEfE. Molecular
dynamics simulations of Fi-ATPase.
14 A A AEHERFPRFS, 2014 4 6 A
27T H, U—7 ©7 8k (&)1, Hik)

(MEF] GF 21

O (FEE . WO EfE. Molecular
dynamics simulation of Fi-ATPase
(chapter 17), Protein Conformational

Dynamics (Mingjun Yang, ed).
Springer, Dordrecht, Netherlands
411-440 (2014)

© gk it wn WiE 2RO

B ) R E DM & T EES Sy 1B — X
—DOIER#E B78), —H1+F /N
A AFHH (B HUEEATRR) . BRI T
H 99-109 (2014)

6. AFFERHRR

(D) B g

g #i+ (ITO, Yuko)

BRI LR - AEm R A ERL - FHTEBh
HF7e# 2% % 1 00608698

Q@) Wt 14

B Fn7 (MASAIKE, Tomoko)

HORERRL R « BRSBTS R - GEAT
s 60406882



