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Unnatural amino acid-based state-specific analysis of ion channels
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In this study, we aimed to develop and demonstrate a method to "target" a
specific state by introducing a photocrosslinking unnatural amino acid (pcUAA) into an ion channel.
Several pcUAA-introduced mutants of the S4 helix in the voltage sensor domain of Kvl.2, a
voltage-gated potassium channel, were irradiated with UV light simultaneously with current
measurements to observe changes in channel activity. Some of the pcUAA-introduced mutants were found

to be more sensitive to cross-link formation when the S4 helix was in a resting state. This result
provided a new insight into the mechanism of channel activation in voltage-gated ion channel.



K* Shaker K+
Kvl.2
2005 Kv1.2
Kvl2 OmV
Kvl.2
B
photo- B#ILIRAE (90 mV) EMHAERAE (O mV)
crosslinking  unnatural 7 w O 0. :
amino acid; pcUAA / RN : .
Kvl.2 A pcUAA “* L °
PCUAA i ’
(A) Kvl.2 S4
S4
S4-S5
VSD PCUAA ®
Kvl.2
VSD S4 pCUAA
VSD
pcUAA
1 pcUAA
pcUAA
pcUAA para-Benzoyl phenylalanine (pBpa) azido-phenylalanine AzF
Kvl.2
Kvl.2
pBpa AzF TRNA
tRNA Kvl.2 tag DNA
pBpa  AzF
tag pBpa
AzF VSD
365 nm
pBpa
KCNQ1-KCNE1 Murray CI et al., eLife (2016)
pBpa KCNQ1 KCNE1 F57tag/M62W
CRNA pBpa TRNA
KCNE1  KCQ1
KCNE1 Q1 El
El pBpa Q1
KCNQ1 El
tRNA pBpa Q1 El
KCNE1 57
tag pBpa El



KCNQ1-KCNE1

2 AzF Bpa Kvl.2
A B
Kvl.2 pBpa Kv1.2 A291Bpa Kv1.2 M288AzF
KCNQ1-KCNE1 UVEBE BT
54 pBpa UVERST#&
pBpa
Kvl.2
Kv1.2 A291AzF
2A pBpa
02pA|_
50 ms
pBpa
pcUAA AzF
pBpa
AzF
Kvl.2 (A) Kvl1.2 A291Bpa
A291AzF 365 -60 mvV +50 mV. =30 mvV
nm -60 mvV (B) Kv1.2 M288AzF
A291AzF
2B AzF )
S4
S4 S2
S4
AzF A291AzF
A291AzF
3 A291AzF
A LR S B
0 0 ONGLE 7
mV T 4 ‘Arg’;:d/(;“:rg) OO”n' o:v: |I I :
0mv o
-60
-90 mV n
C D
3 R T e
A291AZF :T §§§ gzsl; T\ é o4 T\}
:ég- ] B - i ) - Eﬁo.s H
L WT on -90 mv S 02— wruv n -90 mV (4)
Kvl.2 3:(\% 00— 22812%0 9%%@)
TE" 0 50 100 150 200 250 300
£ u» - time (sec)
A291 ® 7 ime (s )‘ L Mean = S.D.
(A) Kvl.2 VsSD
® ©
A291AzF A291AzF ®)
®
©
Kvl.2/2.1 S4
AzF Kvl.2 Kvl1.2/2.1

AzF



S3

S4



5 5 1 5

Hirazawa Kiichi Tateyama Michihiro Kubo Yoshihiro Shimomura Takushi

297

Phosphoinositide regulates dynamic movement of the S4 voltage sensor in the second repeat in
two-pore channel 3

2021

Journal of Biological Chemistry

101425 101425

DOl
10.1016/j . jbc.2021.101425

Matsumura Kazuki Shimomura Takushi Kubo Yoshihiro Oka Takayuki Kobayashi Naohiro Imai 22

Shunsuke Yanase Naomi Akimoto Madoka Fukuda Masahiro Yokogawa Mariko Ikeda Kazuyoshi

Kurita Jun-ichi Nishimura Yoshifumi Shimada Ichio Osawa Masanori

Mechanism of hERG inhibition by gating-modifier toxin, APETx1, deduced by functional 2021

characterization

BMC Molecular and Cell Biology 1-16
DOl

10.1186/s12860-020-00337-3

Tsuboi Daisuke Otsuka Takeshi Shimomura Takushi Faruk Md Omar Yamahashi Yukie Amano 40

Mutsuki Funahashi Yasuhiro Kuroda Keisuke Nishioka Tomoki Kobayashi Kenta Sano Hiromi

Nagai Taku Yamada Kiyofumi Tzingounis Anastasios V. Nambu Atsushi Kubo Yoshihiro Kawaguchi

Yasuo Kaibuchi Kozo

Dopamine drives neuronal excitability via KCNQ channel phosphorylation for reward behavior 2022

Cell Reports

111309 111309

DOl
10.1016/j .celrep.2022.111309

Brake Niklas Mancino Adamo S. Yan Yuhao Shimomura Takushi Kubo Yoshihiro Khadra Anmar 154
Bowie Derek
Closed-state inactivation of cardiac, skeletal, and neuronal sodium channels is isoform 2022

specific

Journal of General Physiology

DOl
10.1085/jgp. 202112921




Shimomura Takushi Hirazawa Kiichi Kubo Yoshihiro 120

Conformational rearrangements in the second voltage sensor domain switch PIP2- and voltage- 2023
gating modes in two-pore channels

Proceedings of the National Academy of Sciences -

DOl
10.1073/pnas. 2209569120

Analysis of the relationship between channel opening and position of the second S4 helix in two-pore Nat+ channel 3

99

2022

Cysteine scanning analysis of the 2nd S4 in two-pore Nat+ channel 3

126 98

2021

Two-pore channel 2 S4 PIP2

100

2023




Two-pore Channel

95

2022




