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Investigation of the mechanism of conversion from proton motive force to
rotational energy in ATP synthase.
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ATP synthase plays a crucial role in synthesizin? ATP by converting the
proton-motive force across inside and outside of membrane into rotational energy. We investigated
the energy conversion mechanism of ATP synthase by analyzing the high-resolution structure of the
transmembrane domain from a thermophilic bacterium. Through single particle analysis using
cryo-electron microscopy, we determined the protonation state of key residues involved in proton
transport. Molecular simulations were then conducted to explore the energy conversion process. Our
findings provide insights into how ATP synthase converts proton-motive force into rotational energy,
contributing to a deeper understanding of this fundamental process in bioenergetics. These insights
have potential applications in bioengineering.

V-ATPase



ATP
(A) (B)
ATP ATP
ATP Ys
F ATP F-ATPase
FoF1 VvV ATP V-ATPase VoV1
F-ATPase
V-ATPase Vo
Fi/V1
Fo/Vo A
pmf Fo/Vo
F1/v1
ATP Fo/Vo
Fi/V1 ATP
ATP
F1/V1 ATP ATP B
ATP ATP TthVoV1
V1
ATP Vo
Cryo-EM
F1/V1 ATP
Fo/Vo
Fo/Vo 2020
Thermus thermophilus ~ V-ATPase Vo Cryo-EM
3.9A Kishikawa et al., eLife 2020
Vo
Fo/Vo
ATP Fo/Vo pmf
Vo
Cryo-EM Vo
Thermus thermophilus
DDM
Vo Vo
MSP1E3D1 POPC DDM
DDM Vo
Vo Cryo-EM
Cryo-EM Cryo-EM Vitrobot
300 kV Cryo-EM Titan Krios
Titan Krios K3
9,000

Cryosparc



2.8A

37

ISOLDE Servalcat

CooT

2.8A

Vo

Vo

pmf

Cryo-EM

Vo

2 A

Vo

Vo

Vo

E63

12

E63

E63

Vo

E63



Kishikawa J. Nakanishi A. Nakano A. Saeki S. Furuta A. Kato T. Mistuoka K. Yokoyama K. 13

Structural snapshots of V/A-ATPase reveal the rotary catalytic mechanism of rotary ATPases 2022

Nature Communications 1213
DOI

10.1038/s41467-022-28832-5

Nakanishi Atsuko Kishikawa Jun-ichi Mitsuoka Kaoru Yokoyama Ken 299

Cryo-EM analysis of V/A-ATPase intermediates reveals the transition of the ground-state 2023

structure to steady-state structures by sequential ATP binding

Journal of Biological Chemistry

102884 102884

DOl
10.1016/j . jbc.2023.102884

Nishikino Tatsuro Takekawa Norihiro Tran Duy Phuoc Kishikawa Jun-ichi Hirose Mika Onoe 631

Sakura Kojima Seiji Homma Michio Kitao Akio Kato Takayuki Imada Katsumi

Structure of MotA, a flagellar stator protein, from hyperthermophile 2022

Biochemical and Biophysical Research Communications 78 85
DOl

10.1016/j .bbrc.2022.09.072

Kishikawa Jun-ichi Ishikawa Moe Masuya Takahiro Murai Masatoshi Kitazumi Yuki Butler 13

Nicole L. Kato Takayuki Barquera Blanca Miyoshi Hideto

Cryo-EM structures of Nat+-pumping NADH-ubiquinone oxidoreductase from Vibrio cholerae 2022

Nature Communications 4082

DOl
10.1038/s41467-022-31718-1




Gerle Christoph Kishikawa Jun-ichi Yamaguchi Tomoko Nakanishi Atsuko ?oruh Orkun Makino 71

Fumiaki Miyata Tomoko Kawamoto Akihiro Yokoyama Ken Namba Keiichi Kurisu Genji Kato

Takayuki

Structures of multisubunit membrane complexes with the CRYO ARM 200 2022

Microscopy 249 261
DOl

10.1093/jmicro/dfac037

Nakano Atsuki Kishikawa Jun-ichi Nakanishi Atsuko Mitsuoka Kaoru Yokoyama Ken 1

Structural basis of unisite catalysis of bacterial FOF1-ATPase 2022

PNAS Nexus pgacll6
DOl

10.1093/pnasnexus/pgacll6

Mechanical inhibition of isolated Vo from V/A-ATPase for proton conductance.

58

2020

Vv ATPase

2020




Jun-ichi Kishikawa

Single particle cryo-EM of prokaryotic V/A-ATPase during catalytic cycle

48th Indian Biophysical Society Meeting

2022

Jun-ichi Kishikawa, Atsuko Nakanishi, Atsuki Nakano, Ken Yokoyama

Structural snapshots of V/A-ATPase reveal the rotary catalytic mechanism of rotary ATPases

60

2022




