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Establishment of endomembrane potential optical imaging
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Several ion channels includin? voltage-gated ion channel has been identified
in organelles, which suggests that membrane potential in endomembranes regulates organelle and
whole cell functions. However, no reliable technique measuring membrane potential quantitatively has
been established. In this study, we have developed a method measuring membrane potential in a
living cell by using voltage probe Merm2. By focusing on phagosome, which is formed in phagocytes to
eliminate pathogens from our body, we successfully visualized membrane potential change on
phagosome and estimated membrane potential from fluorescent signal obtained.

voltage probe



FRET(Forster Resonance Energy Transfer)

Merm2
Merm2-RAW 4um
BSA
Fc

RAW
CFP (Ex420-440, DM465, Em483/32)

37
Metamorph

(mV)

Merm2-RAW

CFP  YFP

Memr2

(Tsutsui JP2013)

voltage probe

RAW?264.7 Merm2
Merm2
Mermz2-
RAW 19G

Merm2-RAW

1gG
Merm2-RAW

Fluorescent intensity

RAW264.7
BSA
1gG

BSA
BSA

YFP (Ex420-440, DM465, Em542/27)

in vitro

Mermz2-

Metafluor 2
(YFP/CFP)
CFP  YFP
0 min 2 min 4 min B
™ = 1.3
{ Kz =
S| 8 12
.g & 1.1
| & L
6 min 8 min omin 3| T i Y
al & Phagosome
ol ®
e o] x 09
0 4 81216202428
Time (min)
D
Plasma membrane = Phagosome
900 £ 1000
2
800 YFP 2 900 YFP
[=4
700 ~ 800
AN R INAY Y
600 3 700 /' cpp
CFP 2
500 ————F——T—T—T—T 1 ‘5500!\\||\\||\
0 4 812162024283236 E 0 4 812162024283236

Time (min)

Time (min)

1 770V —LESMO ARG ME RS S RES AL O B RInE
A LA B, AsteriskTRULIZZ 70V — L O REEMO FHZELEBICTL
fo. B 7 rpdv— L HIIRRED EE A0 SR ZE L., L 2o B0 #i03 BRoE
xBTS (REH) ., PM: plasma membrane, G.D.CFPEYFP O & Y5 EED
IFEZE AL, cld iR, D770V — LIE. BOL A BidckDOENrE
Hut.



>
w
b o]
=]

Plasma membrane Phagosome
13 " -
= 0290\9“ & 1.2
9 12 \ S -
a o o
Asterisk ¥ el il W
o © " fryper\ I3 o
= 1 g=} pﬂlar. e
e : "t
0.9 09 1+
Time (min) Time (min)
A B M. 70 — LIRS i MR E G OHEIZLO T
A, B. Hifaf&(A, n=25)&7 70 — L E(B, n=57) D EE F O EFEZE (L.
meant SEM. HlI2NEE A O AIE T3 B EFHEUCEEEOSLIC.
TrdV— LIEEMOBE TE 7O — AP ERSh L EHEO-
LAz,
B
A 19G
Merm2
A B
[l Merm2 D129R
1'._6 Omin 2min 4min 6 min 8 min10min -E, i | w-phagosomes
=02 [ Merm2 D129R
o I = s = Ep e
T 08 TSRS RAW IgG
I & 07
0.5 0 4 8 1216 20 24
Time (min)
Cc D E
£ Plasma membrane Z Phagosome
T rpm g 600 2 600
_E_. 1 | —=phagosomes £ <50 [ YFP E S YER A B
=09 Emu A\ E /\/\\, ’
203 a L WL R CFP St
207 FrrrT S 300 S 300
0 4 812162024 2 04812162024 = 0 4 8 12162024 CDE
Time (min) Time (min) Time (min) MermZ-RAW '
B3. EAIEEFEEMerm2 7O —FE AW 770 — LIEEAD AE.
A. LA B, B.7 70V — i (n=32)¢ Hlk2 1% (n=18) D X E D bFRE ZE LD F
¥3{#, mean+ SEM. PM: plasma membrane. C, D, E. AQ EEITRLI- 77
v — LIRS HilEOL A E(c). #ialE (0)b LU 70— LIR(E)CHITS
CFPEYFPOD R D BB AL,
* 370 ;_-‘ ?
(v w g g
320 © -3 0
(mV) % 12 £
i 270 3 i ,-_;;
Merm2-RAW g 20 2 1 3
-80 -60 -40 -20 O 2 -80 -60 -40 -20 0
Vm Vm
c Time (min) D Time (min)
A! B 0 4 81216202428 0 4 8 1216202428
B 0
B -20
) 20 PM
-80 mV £ £l m
-20 mV w VAR g
C -80 mV -100 Phagosome i Phagosome =
-60mv. -40mV 4. %R E D SR (mV) & I 93 HE.
C A, B — LI 18w F o5 TEIC LB BRAIEE T
IC&E T BYFPE LU CPPD T 5 B AIE (A)& IR Al
60 mV ATl = 60 ZAL(B). T otz L MU CRIG

{i# F i (2 #%, y=0.0037x+1.365 (R?=0.9873)). C,D.B
OBRERELLICHERELI- >0 — LE-HIREDE
C EMOEBZE L. cdBB. DIAEH2OD 7 —RERE(C
D gLk,



19G
RAW
Shui et al.,, PNAS
2008
Merm2-RAW
RAW
Sun et al., Scientific Reports
Paxilline
-20mv

16 0 min 2 min 4 min 6 min 8 min
+drugs
0.5
B Phagosome ¢ Plasma membrane
— 1.3 1.3
st & +drugs
.g S 12 +drugs 1.2
N o
Sl o~ L
51 = 1.1 _.(_-;‘1.1 =
_g_ K- b= il drugs
HE- . ' gz
0.9 driigs 0.9
0 4 8 12162024 0 4 8 1216 2024
Time (min) Time (min)

B5. EBFM T HCIZI 70— LIEZ A0 85 O .
A. Paxilline (5pM)d3 L Uf niflumic acid (NFA, 10uM) T RTLE SN
HERDL A @ &, B, C. SN IZT >0V — L(B, EHI AR
n=47, IFFEHF L F¥n=57)& HI RIS C, 3 Al AL F¥n=14, IFFEH AN
B #n=25)D [EF 1 D BFHEIZE (k.. meant SEM.

BK
2020

Slol

BK paxilline

niflumic acid(NFA) paxilline
BK RAW
-80 mV

BK



5 5 0 3

Okochi Yoshifumi Umemoto Eiji Okamura Yasushi 107

Hv1/VSOP regulates neutrophil directional migration and ERK activity by tuning ROS production 2020

Journal of Leukocyte Biology 819 831
DOl

10.1002/j1b.2a0320-110rr

Sakaguchi Taiki Okumura Ryu Ono Chisato Okuzaki Daisuke Kawai Takafumi Okochi Yoshifumi 31

Tanimura Natsuko Murakami Mari Kayama Hisako Umemoto Eiji Kioka Hidetaka Ohtani Tomohito

Sakata Yasushi Miyake Kensuke Okamura Yasushi Baba Yoshihiro Takeda Kiyoshi

TRPM5 Negatively Regulates Calcium-Dependent Responses in Lipopolysaccharide-Stimulated B 2020

Lymphocytes

Cell Reports

107755 107755

DOl
10.1016/j .celrep.2020.107755

Kawai Takafumi Kayama Kento Tatsumi Shoki Akter Sharmin Miyawaki Nana Okochi Yoshifumi 34
Abe Manabu Sakimura Kenji Yamamoto Hiroyasu Kihara Shinji Okamura Yasushi
Regulation of hepatic oxidative stress by voltage- gated proton channels (Hv1/VSOP) in Kupffer 2020

cells and its potential relationship with glucose metabolism

The FASEB Journal

15805 15821

DOl
10.1096/Fj .202001056RRR

Okochi Yoshifumi Okamura Yasushi 22
Regulation of Neutrophil Functions by Hv1/VSOP Voltage-Gated Proton Channels 2021
International Journal of Molecular Sciences 2620 2620

DOl
10.3390/i jms22052620




Mizutani Natsuki Okochi Yoshifumi Okamura Yasushi 7

Distinct functional properties of two electrogenic isoforms of the SLC 34 Na- Pi cotransporter 2019
Physiological Reports e14156
DOl

10.14814/phy2.14156

98

2021

Okochi Y, Tsutsui H, Okamura Y.

Establishment of a method measuring membrane potential in phagosomes.

97

2020

Okochi Y, Tsutsui H, Okamura Y.

Analysis of membrane potential of phagosome in phagocytes.

60th International Conference on the Bioscience of Lipids I1CBL2019

2019




Yoshifumi Okochi, Hidekazu Tsutsui and Yasushi Okamura

Measurement o f membrane potential change in phagosome of phagocytes

95

2018

Yoshifumi Okochi, Hidekazu Tsutsui, Yasushi Okamura

Toward understanding of membrane potential in phagosomal membrane

The 49th NIPS International Symposium: lon channels: looking back, seeing ahead

2018

Yoshifumi Okochi, Hidekazu Tsutsui, Yasushi Okamura

Method of measuring the membrane potential of phagosomes by optical imaging

74th Annual Meeting and Symposium of the Society of General Physiologists lon Channels & Transporters in Immunity,
Inflammation and Antitumor Immunity

2021

(Tsutsui Hidekazu)




(Okamura Yasushi)




