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The gap junction and related proteins were reconstituted into lipid
nanodiscs, and those structures were determined by cryo-electron microscopy. In this project, we
worked on two proteins, C. elegans innexin-6 (INX-6) and human pannexin-1 (PANX1), and functional
analysis by electrophysiology and MD simulations were performed in collaboration. We proposed a
lipid gating model in which the N-terminal region takes a funnel conformation when the channel is
open, and lipids enter and block the channel pore of INX-6 and PANX1 when the channel is closed.
This study provides an interpretation of the mechanism of large pore channel closure.



6(INX-6) N
(Oshimaet a. (2016) Nat. Commun.)
26(Cx26) X N
(Maeda et al. (2009) Nature 458, 597) 12
16 INX-6
INX-6  Cx26

Large pore channel

X (Maeda et al. (2009))
Large pore channel
pannexin-1(PANX1) INX-6
MD
1) INX-6 Large pore channel PANX1

POPC  MSP2N2

2 INX-6 PANX1
JEM-3000SFF
PANX1
CRY OARM300( ) Cx26  JEM-3000SFF( )
RELION3.0, EMANZ2, CryoSPARC Coot
Phenix

3 MD

INX-6 PANX1
Oocyte Whole cell voltage clamp PANX1
HEK Whole cell patch clamp
MD
@ INX-6
C innexin-6(INX-6)
INX-6 3.8
1(b) 2
INX-6 N 3.8

3.6 ( 1(ac) N



intact N

INX-6
INX-6 N
Science Advances (Burendei et al. (2020) Sci. Adv. 6,
eaax3157)
(b) anodisc/WT (C)

,_,-="*¢,.f e
i 5 ".} L
'fl:i; ?ﬁ t};@ pore obstruction

ape

(d) GraDeR/detergent/open nanodisc/phospholipids/closed
1 INX-6
(a) GraDeR INX-6
(b) nanodisc INX-6
(¢) nanodisc INX-6N
@-~(c)
()N INX-6 () N




) PANX1

Large pore channel pannexin-1(PANX1)
PANX1 apo (PANX1apo) PANX1 probenecid(PBN) 3mM

(PANX1-PBN) PANX1 C (PANX1AC) PANX1 N

(PANXIAN) PANXlapo N
( 2a) PANX1-PBN N
( 2(b) PANXA C PANX1apo PANX1A N
PANX1-PBN PBN
PANX1-PBN
PANX1lapo PANX1A C
PANX1A N

(Ruan et al. (2020) Nature 584, 646) Xenopus Oocyte

HEK PANX1A N
MD
PANX1
2(c) Science signaling

(Kuzuyaet al. (2022) Sci. Signal. 15, eabg6941)

(@) ()

(c)

73/ HimiRkE

2 nanodisc PANX1
() PANX1 ()
(b) PANX1-PBN ()
(c) PANX1




15 2 1 1

Kuzuya Maki Hirano Hidemi Hayashida Kenichi Watanabe Masakatsu Kobayashi Kazumi Terada 15
Tohru Mahmood Md. Igbal Tama Florence Tani Kazutoshi Fujiyoshi Yoshinori Oshima Atsunori
Structures of human pannexin-1 in nanodiscs reveal gating mediated by dynamic movement of the N 2022
terminus and phospholipids
Science Signaling eabg6941
DOl
10.1126/scisignal .abg6941
Batuujin Burendei, Ruriko Shinozaki, Masakatsu Watanabe, Tohru Terada, Kazutoshi Tani, 6
Yoshinori Fujiyoshi, Atsunori Oshima
Cryo-EM structures of undocked innexin-6 hemichannels in phospholipids 2020
Science Advances aax3157
DOl
10.1126/sciadv.aax3157
51
2019
8, 11
DOl
Oshima Atsunori 63
Structural insights into gap junction channels boosted by cryo-EM 2020
Current Opinion in Structural Biology 42 48

DOl
10.1016/j .sbi.2020.03.008




Oshima Atsunori 54

Potential of cryo-EM for high-resolution structural analysis of gap junction channels 2019

Current Opinion in Structural Biology 78 85
DOI

10.1016/j -sbi.2019.01.005

Abe Kazuhiro Yamamoto Kenta Irie Katsumasa Nishizawa Tomohiro Oshima Atsunori 12

Gastric proton pump with two occluded K+ engineered with sodium pump-mimetic mutations 2021

Nature Communications 5709
DOI

10.1038/s41467-021-26024-1

Nakanishi Hanayo Hayashida Kenichi Nishizawa Tomohiro Oshima Atsunori Abe Kazuhiro 298

Cryo-EM of the ATP11C flippase reconstituted in Nanodiscs shows a distended phospholipid 2022

bilayer inner membrane around transmembrane helix 2

Journal of Biological Chemistry

101498 101498

DOl
10.1016/j . jbc.2021.101498

Akil Caner Ali Samson Tran Linh T. Gaillard Jeremie Li Wenfei Hayashida Kenichi Hirose 8

Mika Kato Takayuki Oshima Atsunori Fujishima Kosuke Blanchoin Laurent Narita Akihiro

Robinson Robert C.

Structure and dynamics of Odinarchaeota tubulin and the implications for eukaryotic microtubule 2022
evolution

Science Advances eabm2225

Dol
10.1126/sciadv.abm2225




Tanaka Saki Morita Mikio Yamagishi Tatsuya Madapally Hridya Valia Hayashida Kenichi 65

Khandelia Himanshu Gerle Christoph Shigematsu Hideki Oshima Atsunori Abe Kazuhiro

Structural Basis for Binding of Potassium-Competitive Acid Blockers to the Gastric Proton Pump 2022

Journal of Medicinal Chemistry 7843 7853
DOl

10.1021/acs. jmedchem.2c00338

Kataoka Koki Suzuki Shota Tenno Takeshi Goda Natsuko Hibino Emi Oshima Atsunori Hiroaki 4

Hidekazu

A cryptic phosphate-binding pocket on the SPFH domain of human stomatin that regulates a novel 2022

fibril-like self-assembly

Current Research in Structural Biology 158 166
DOl

10.1016/j .crstbi .2022.05.002

Suzuki Shota lida Momoko Hiroaki Yoko Tanaka Kotaro Kawamoto Akihiro Kato Takayuki Oshima 5

Atsunori

Structural insight into the activation mechanism of MrgD with heterotrimeric Gi-protein 2022

revealed by cryo-EM

Communications Biology 707
DOl

10.1038/s42003-022-03668-3

Young Victoria C. Nakanishi Hanayo Meyer Dylan J. Nishizawa Tomohiro Oshima Atsunori 13

Artigas Pablo Abe Kazuhiro

Structure and function of H+/K+ pump mutants reveal Na+/K+ pump mechanisms 2022

Nature Communications 5270

DOl
10.1038/s41467-022-32793-0




Kozai Daisuke Numoto Nobutaka Nishikawa Kouki Kamegawa Akiko Kawasaki Shohei Hiroaki 435
Yoko Irie Katsumasa Oshima Atsunori Hanzawa Hiroyuki Shimada Kousei Kitano Yutaka

Fujiyoshi Yoshinori

Recognition Mechanism of a Novel Gabapentinoid Drug, Mirogabalin, for Recombinant Human a 26 1, 2023

a Voltage-Gated Calcium Channel Subunit

Journal of Molecular Biology

168049 168049

DOl
10.1016/j . jmb.2023.168049

63
Large pore channel 2023
97-101
DOI
10.2142/biophys.63.97
71
2020
315-320

DOl

18 12

Atsunori Oshima

Structures of gap junction family proteins in nanodiscs

2022 Life Sciences International Symposium, R&E Center for Life Sciences

2022




Didik H. Utomo, Akari Fujieda, Atsunori Oshima, Akihiro Narita, Momoko Takahashi, Hideo Kigoshi, and Masaki Kita

Structural Study of Actin-Aplyronine A-Tubulin Heterotrimeric Complex and Development of Actin-affinity Tags

102

2022

Atsunori Oshima

Structural biology of gap junction proteins

Symposium on Computer Simulations and Cryo-ET/EM of Complex Biomolecular Systems

2021

Structural insights into the unique activation mechanism of the MrgD

44

2021

Atsunori Oshima

Structures of gap junction proteins in nanodiscs

59

2021




2021

Panx1

77

2021

Burendei, B, Shinozaki, R., Watanabe, M., Terada, T., Tani, K., Fujiyoshi, Y., Oshima, A.

Structures of the Innexin-6 gap junction hemichannels in nanodiscs

58

2020

Burendei, B, Shinozaki, R., Watanabe, M., Terada, T., Tani, K., Fujiyoshi, Y., Oshima, A.

Cryo-EM structures of undocked innexin-6 gap junction hemichannels

International Gap Junction Conference

2019




Oshima, A.

Cryo-EM structures of undocked innexin-6 hemichannels in lipid nanodiscs

92

2019

AMED/BINDS

2019

Atsunori Oshima

Structures and gating of gap junction family proteins in phospholipids

100

2023

Atsunori Oshima

Cryogenic electron microscopy (Cryo-EM)

The 3rd Bioinformatics and Biodiversity Conference/ the 6th International Symposium on Bioinformatics (InSyB)/The 2nd
Synthetic Biology and Biotechnology

2022




16 Graduate Student Session

2022

2022

15

2022

Atsunori Oshima

Gating of gap junction family proteins involving phospholipids

ISDD & KSSB JOINT SYMPOSIUM

2022




Atsunori Oshima

Structures of gap junction family proteins in nanodiscs

2022 Life Sciences International Symposium, R&E Center for Life Sciences

2022

2023

NTS 427




