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AF488 Alexa Fluor 488

AF568 Alexa Fluor 568

ANXALI Annexin Al

ANXA2 Annexin A2

ANXA4 Annexin A4

ANXAS Annexin AS

BS bovine serum

CaM calmodulin

CCLE Cancer Cell Line Encyclopedia

CHC clathrin heavy chain

CLSM confocal laser scanning microscope
CME clathrin-mediated endocytosis

CPP cell-penetrating peptide

CPz chlorpromazine

D-MEM Dulbecco's modified Eagle medium
DDS drug delivery system

dex10 dextran (10 kDa)

dex70 dextran (70 kDa)

DIC differential interference contrast

DIEA N, N-diisopropylethylamine

DMSO dimethy] sulfoxide

Dox doxycycline

EDT 1,2-ethanedithiol

EGF epidermal growth factor

EGFP enhanced green fluorescent protein
EGFR epidermal growth factor receptor

EGTA ethylene glycol-bis(2-aminoethylether)-N, N, N', N'-tetraacetic acid
EIPA 5-(N-ethyl-N-isopropyl)amiloride
ESCRT endosomal sorting complex required for transport
FITC fluorescein isothiocyanate

F-actin filamentous actin

HBSS Hanks’ balanced salt solution

HEPES 2-[4-(2-hydroxyethyl)piperazin-1-yl]ethanesulfonic acid
HPLC high performance liquid chromatography



IgG immunoglobulin G

KCNN4 potassium calcium-activated channel subfamily N member 4
KD knockdown

KO knockout

MALDI-TOF-MS matrix-assisted laser desorption ionization-time-of-flight mass spectrometry
MPC macropinocytosis

NHE Na'/H" exchanger

NPC nuclear pore complex

OE overexpression

PBS phosphate buffered saline

Pen penetratin

PI propidium iodide

PIPs phosphoinositides

Puro puromycin

PVDF polyvinylidene difluoride

SD standard deviation

SDS-PAGE sodium dodecyl sulfate-polyacrylamide gel electrophoresis
SE standard error

sgRNA single guide RNA

siRNA small interfering RNA

TFA trifluoroacetic acid

Ttn transferrin

Tg thapsigargin

TMR tetramethylrhodamine

TPM transcripts per million

Tris tris(hydroxymethyl)aminomethane

WT wild type

a-MEM a~-minimum essential medium
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A iz, ERRERT (EGF) I X > TFEI NS MPC &, EFOFTBMILE CHiFE I
T MIRENEE = 7 F F LITE 2 Al EEIcEH L. 2 b 0 R %2 FIH L - filasM e
DY IAKICHE % 5 2 2R T OREZHIEL 72, 5 1 ECid. WA F * 2L Piezol %
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Figure 0. Two major pathways for intracellular delivery of macromolecules. Endocytic uptake (e.g.,
clathrin- or caveolae-mediated endocytosis and macropinocytosis) internalizes extracellular cargo, with
endosomal escape releasing them into the cytosol. Direct penetration allows cargos to bypass endosomes
and directly enter the cytosol.
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Piezol 7 == X } Yodal DAL T T, A431ifilic 3517 2 EGFaAEIMPCA i ) ICfHE & h
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ERRONT, & S ICHAERAL L & i L CMPCIEME 2 FI30% B4 L T 72, 2RI, Yodal
IZ X % PiezoliG AL AMPCIC B 1T % 7 v 7 VTERICRITTHEA KRG L2 L 25, Yodal fA-1E
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EVHL D LTz, E72. Yodalll X 2 MPCIHZE IC IZMifESCa> DA TH o722 LD b
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¥ 161 Yodal I X % Piezol i&EALIC X 3 MPC [HEE

g cld, ERERERTZAME (EGFR) ZEA B L, EGFRIC X o Cw /v + 4 b —
v 2 (MPC) % #HE AR v b KAEMIIaRRA431 2 6 L 72, A4314I1E1c 3 1) 2 EGFF#ERMPC
DIEMWIZ, 7 av /) Y —L~—N—TH5TMREGKTO kDa7T ¥ X } 7 v (TMR-dex70) Diffifid
WLV IAABZIFIEL LT, 78 —%4 P A P —B X OHEMEBRICL VT2 2 LT
24, A431MIAE % TMR-dex70 & $Hic 4 v F 2 _—+ L7z & & A, EGFF/E T Cld. EGFIEfFEE T &
e L €. TMR-dex70DHIAZPIEL 0 A A 2SBEE IS L 7= (Figures 1-1A, B), Piezol Di&M:{L 23
EGFFEETIMPCIC MU 58 % i3 % 72 ® . Piezol 7 =& } T® % Yodal # EGF¥ X 'TMR-
dex70 & HALBR L 72 & & A Yodal i IRFEMKIFIVICEGFIC X % TMR-dex70HX 0 ;A& Z I L, 1.5 uM
DIRME TIXTMR-dex70HL Y iA A DFIT TR ICHFI S 1L 5 2 & 23R & 7z (Figures 1-1A, B)o K
I, Yodal "MPCZ FFEIVICHIHIL T2 22T 2720010, 7 7R VKIFEZ Y FH A b —
v Z (CME) BEIC ko THVWIATEFNE F S5 v 272 v (Th) DD IAL~DYodal DEE %
e L 72, Yodall. A431MIAZ~ D Alexa Fluor S68EEFR T D AL 0 iA A % H B ICHNHI L 7225, % DK
THEIEIZI0%RETH D, CMEICKN T 2 Yodal DFEIIREMNITH % Z L 23R I/ (Figures 1-
1C,D), & HiC, MPCIZEGFHIFKIC X > CTHHE I N2 oI D ZHRasIC X - THEEIICEH
BINTW2E2HDDHENT W27, N-RasZHE %A 3 2 HT1080lIf i< 351 2 MPCY i X 3~ %
Yodal DFE AT~ 7-, % DFEE. HT1080#E1C 35 1) 3 TMR-dex70HL » JAA (%, YodaliC X - T
FERTFINCHIR 5 & & D HER X 7z (Figures 1-1E,F), L EDFER 2 5. Yodal lZCMEIC 13 1%
LA CRE S TIC, MPCEZEGFRAEM & 72 (ZRasZHEFERICIR O FTHE T2 2 LRI iz, M
T TIZA43 1Ml 35 1) 2 EGFaAEIMPCICH » THRET 21T 5 72,

FevT, A431 MIEIC BT B Yodal DMIfEEMEZ RS 2 72012, WST-8 7 v & A4 iC X 2flifa4
FHERERZIT o 72, MISHUEIRAEIC L 72 A431 MIAZIC Yodal (1.5 uM) % 30 [ELEEL CTHHEE
MR LR ® O L o 72 (Figure 1-22A), X Y SR D Yodal (3 uM) % 30 ZrfELEE L 72
Bitrcld, MilAEFERID T ITET L HIREZEEER 90%., Figure 1-2A), ¥ 7z, Yodal (1.5
uM) DOILEERER % 4 KEEICIE X L 723856 i, iEHIERIRED A3l fifdChb 22 b HEE A
Mgt 25 &k L7z GRIREAETRRE 80%. Figure 1-2B)., SR IC, JEIMEHARIRAE D A431
HIFEIC 3T, Yodal (1.5 uM) T 4 FEREALEE L < & | 52 2 Mg #ErE 13 BI% & e A - 72 (Figure
1-20), TNHDRERD S KIFFLO LM (Yodal 1.5 pM, 10 73fELEE) Tl A431 #ifidic
X193 Yodal OMiffEdEIZEACE 2BRETH L L PRI N, 0L, U EOREREL
5. Piezol 7=} TH % Yodal IZ X - T, EGF iHE% MPC #iligasttza {mcflE T
T ERREI NS,
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Figure 1-1. Piezol agonist Yodal inhibits macropinocytosis. (A) Flow cytometry analysis of EGF-
stimulated TMR-dex70 uptake into A431 cells with the indicated concentration of Yodal for 10 min. (B)
Confocal microscopy observation of EGF-stimulated TMR-dex70 uptake into A431 cells in the absence
or presence of Yodal (1.5 uM) for 10 min. The bottom images show enlarged views of the areas outlined
by the white squares in the top images. (C) Flow cytometry analysis of AF568-T1fn uptake into A431 cells
in the absence or presence of Yodal (1.5 M) for 10 min. (D) Confocal microscopy observation of AF568-
Ttn uptake into A431 cells treated as in (C). (E) Flow cytometry analysis of TMR-dex70 uptake into
HT1080 cells with the indicated concentration of Yodal for 30 min. (F) Confocal microscopy observation
of TMR-dex70 uptake into HT1080 cells in the absence or presence of Yodal (12 uM) for 30 min. Scale
bars, 10 um (B bottom); 20 um (B top, D, F). Data represent the mean + SE of three independent biological
replicates. *, p < 0.05; **, p < 0.01; *** p < 0.001; **** p < 0.0001; n.s., not significant. One-way
ANOVA followed by Tukey-Kramer’s post hoc test (A); Student’s t-test (C).
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Figure 1-2. Cell viability of A431 cells treated with Yodal (A) Serum-starved A431 cells were treated
with Yodal at the indicated concentration for 30 min in D-MEM(-). (B) Serum-starved A431 cells were
treated with Yodal at the indicated concentrations for 4 h in D-MEM(-). (C) A431 cells were treated with
Yodal at the indicated concentration for 30 min in D-MEM(+). Data represent the mean + SE of three
independent biological replicates. *, p < 0.05; ** p < 0.01; n.s., not significant. One-way ANOVA
followed by Dunnett’s post hoc test.

EGF %8 MPC IC 51 % Piezol D 5% & L ICHET3 % 72% . CRISPR/Cas9 ¥ A7 L 4 % [
WC Piezol / v 7 7V F (KO) A431 flifdzf/FRL, 2 DD v 7LV KO Z7r—V (7 a—
VH# B X UH2) ZHUF L 7z, Piezol 1% Yodal FICISE L C Ca¥ A% G &I T2 206, WT
A431 M3 X U Piezol KO 7 v — V#1, #2 128 % Yodal ASHIKFDMALAN Ca? REEZAL % FEAM
L7z, Bnfa—FlALy Y L7 v —7TH Db GCaMP6s® % HAMIAELICFIR & ¢, GCaMP6s D
HmEEfRE L LC, MIlEN C?iBEZ =42 v 7 L& A, Yodal I X 2HIHEN Ca? B
DEMAZND 2 DD KO 7 v — Y TERTERICHRL T»WE Z LRIk (Figure 1-3A),
Co?'AFA /) 7ATTHDLAF /)~ A4 vicXoTHIlEN Ca % LR X256 T, AR

(WT) A431 3 X U Piezol KO A431 MifEDi /5 ¢ GCaMP6s D HEIREE AT 5 Z & M2 L
7z (Figure 1-3A), ft\>C, 7/ L DNA ~OEROBEALFTARL7-DI1C7 /) LDNA DY —F VA
T2 T o728 2 A, MBI NZTRTOTLAICEWTERDED b7z (Figure 1-3B), L 2>
L. ilize—yviZBnT, 7Lb—2av 7 MERZMEDRVWT LY 33 BX U9 HEHEN o RKIC X
D, ZNZ I Piezol XV NI ED 11 HXUW3 T I EBRET S A6-956 35 X I8 A944-946 24
B BEET D LRI N, T D DRKZETRS Piezol DHRREZ FER L T\ % 5 % T2
T 5720, WMARKE IRES2 BLhl %2 /L CHIEX v ¥ 7B mCherry % FIREFREH T 5~ 7 X2 —(cC
7 m—=v 7L, HEK293T #ifldic 5\ Tt 5B & 4 72 (Figure 1-3C), 7 m—v#l ICRON D
A946-956 ZFARIZ, DTV IC Yodal KFEMN 7 Ca? TRAZELZDDD, 7r—viR ICRbN?
A944-946 ZE TR TIL Yodal IGEEDTERICIHAL T3 Z L MR S 7z (Figure 1-3C), MLk
DIER LY LD EETIZ.KO 7 8 — v#2 % Piezol KOA431 Milfld e LCERAT 2 2L & L7z,
b, YT AZ A4 LEEPCR (qPCR) T X V. Piezol KOA431 Ml Tlx, WTA431 HilfiE & Heik
L T Piezol mRNA L ~L 28 90%LA_E3EA L T D | KO Ml 5\ CTE A Piezol 1212 & A K%
HL T &R S 7z (Figure 1-3D),
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Figure 1-3. Characterization of Piezol knockout A431 cells. (A) GCaMP6s fluorescence intensity in
WT, Piezol KO clone #1, and clone #2 cells were recorded every 1 min. Yodal (1.5 pM) and ionomycin
(5 uM) were added at 5 and 13 min after the start of time-lapse imaging, respectively. Left: Representative
images of GCaMP6s-expressing cells before and after addition of Yodal and ionomycin. Middle:
Representative time-course of relative fluorescence intensity of GCaMP6s. Right: Quantification of
maximum Yodal-induced GCaMP6s intensity increase. (B) CRISPR/Cas9 target site of the Piezol gene.
The guide sequence and the protospacer adjacent motif are shown in blue and green, respectively.
CRISPR/Cas9-mediated deletions are shown in red. (C) HEK293T cells were transfected with the
indicated vector, loaded with Fluo-8 AM (5 uM) and then Fluo-8 fluorescence intensity was recorded
every 1 min. Transient gene expression was confirmed by IRES2-dependent co-expression of mCherry.
Yodal (1.5 uM) was added 5 min after the start of time-lapse imaging. Left: Representative images before
and after Yodal addition. Middle: Representative time-course of relative fluorescence intensity of Fluo-
8 AM. Data represent mean £ SEM. Right: Quantification of maximum Yodal-induced GCaMP6s
intensity increase. (D) Expression of Piezol in A431 cells (WT, KO clone #1, #2). Piezol mRNA
expression level was determined by gPCR. GAPDH shows relative mRNA expression level of Piezol in
each condition. Data are presented in box plot of cells pooled from two independent experiments (A).
Data are presented in box plot of cells pooled from three independent experiments (C). Data represent the
mean £ SD of triplicate samples from one of two independent experiments (D). **** P < (0.0001 (one-
way ANOVA followed by Dunnett’s post hoc test). Scale bars, 20 um (A); 25 um (C). Data represent the
mean = SE of three independent biological replicates. *, p < 0.05; **** p < (0.0001; n.s., not significant.
One-way ANOVA followed by Tukey-Kramer’s post hoc test (A, C); one-way ANOVA followed by
Dunnett’s post hoc test (D).
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Piezol KO A431 Mlific 351F 2 MPC &1 % 7l 3~ % 72 TMR-dex70 HU D A= % HE L 72 &
Z 5. Yodal DHIEICH 22D 53, Piezol KO A431 flIfZIC 351> T EGF K177 TMR-dex70 HL Y

ABDPFEIND & DER S /2 (Figures 1-4A,B) . & DFER T, Piezol HAIZ MPC ICZHT
1272\ 2 & Z/R$ 77T, Yodal IC X % EGF 58 MPC [HE 2% Piezol IKFFHITH 5 Z L AR L
TWwb, E5HIC, EGF HIIEEHER MPC ICX 2 7% X + 7 VELD ;AR R IZ, Piezol KO A431 #ilig
IC T3 WTA431 T & He~THI 30%900 L T 3 2 & A3HERR & M7= (Figure 1-4C), 2 DFERIZ
MPC @ 7'\ £ RT3 T Piezol 23EMHAL T, ZNIC X - T MPC 28 EICHilfHl & 1 2 ATREME %2 7R
LT3,

A Piezo1 KO A431 cells (clone #2) B Piezo1 KO A431 cells (clone #2)
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Figure 1-4. EGF-stimulated macropinocytosis in Piezol knockout A431 cells. (A) Flow cytometry
analysis of EGF-stimulated TMR-dex70 uptake into Piezol KO A431 cells (clone #2) in the absence or
presence of Yodal (1.5 uM) for 10 min. (B) Observation of EGF-stimulated TMR-dex70 uptake into
Piezol KO A431 cells treated as in (A). The bottom images show enlarged views of the areas outlined by
the white squares in the top images. (C) Flow cytometry analysis of EGF-stimulated TMR-dex70 uptake
into WT and Piezol KO A431 cells for 10 min. Scale bars, 10 um (B bottom); 20 um (B top). Data
represent the mean + SE of three independent biological replicates. ***, p < 0.001; n.s., not significant.
One-way ANOVA followed by Tukey-Kramer’s post hoc test (A, C).
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FB2H Zv 7Y v e Racl iliHEICHTF 5 Piezol iEPEL D22

MPC ICiZ, 77 F VBRI L > THFEINIE T v 7Dk L. TR E Lz 7 v 7 VR
ToflGIckt~rue ) Y —LDBEE WD) ZOoDRT y IREE TR EBHILN TS N,
Yodal BXEDAT v 7%#HET 200 %HLPICT L5720, A LT TAL A=V v 7Tk oT
EGF Hite 0illigk 7 v 7V DIEKOM T 28R Lz, Wigk7 vy 703, T2FVIiCED Y — MR
DIEDZEHTH % 31, Yodal DIEFEHE T Tl EGF it 6 43 LANIC A431 it =2 v = =D
HHREEE S o — MRICHR L. 2 OB VIR 38I5 S vz (Figure 1-5A EGF), XL <,
Yodal 776 F Clt. oMK IIEHE S b - 7= (Figure 1-5A EGF + Yodal), & 5, EEME
TUEMEIHIZIC X > ThH . Yodal 25 EGF i8I X 2 JEA 7 v 7 VDK &S ICHET 2 2 &2
iR &z (Figure 1-5B), 72, 77 v A Y v EH W/ Factin (74 7 AV MRICEALZT 2
Fv) OYtAIC X V| Yodal BT v ZATEEEO T 7 F vEASICKITTHEL RS L2, n—& 3
VEERL 727 7 a4 Y v R T F-actin 4 L 72 & & A, Yodal FEFEFE T TIAT 25% DI
F T F-actin G172 8 7 v 7 v OIS EGF RIBUK AT ICHERE & 117z (Figure 1-5C) . »f L T,
Yodal % EGF & LB L 72356 Cld idig 7 v 7 v T2 L 7-Mila o El & 236 E 2 L | F-actin
Btk 7riig 7 v 7 31 6 7= MBI 5% TH - 7= (Figure 1-5C) . LA EDFER 2 S| Yodal 12 X
% Piezol iEMEALIC X o T, F-actin DER B X VUK T v 7LVOERSHE S WS 2 LRSS
776

MPC iZ 51 % 7 v 7 VBRI IE, K5 F & GTPase TH % Racl 2532 Z L 23H 6T 5
52, %2 2T, Yodal 77E T ¥ X OIEFFAE T I B % EGF Hl#EF D Racl iM% &AL Racl (Racl-
GTP) D7 NET v T v AIC X VFHiliL 7z, EGF 2L L 72546 ik, BEfom b i< 3, Hikg
N Racl-GTP E23413 % 2 & 8RR X #u7z (Figure 1-6A), —77. Yodal % EGF & AL L 7245
#r. Racl-GTP BEOHNNITIZIZTER IR T 7z (Figure 1-6A) . Z DOFER X V| Yodal 23 Real @
WAL RIS 2 2 & C, Faactin FFRERLE 2 icki 7 v 7 AR IR L T 3 2 & AVRIE X
N7z, MPC ~® Racl D5 % W23 %729, Racl FHEHITH % NSC23766 © MPC FHERF %
FHifi L 72, NSC23766 HLEHIC X > T, EGF Jll#F D TMR-dex70 B D ;A B 23, Yodal % WLH L 7235
HeRBREIHESNZZ L5 (Figures 1-6B, C). Racl DifM:{L2S EGF 58RI MPC I 42T
H . Yodal iC X % Racl [HEIC X » T MPC 28l & 15 % & & BSENF T &7z,
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A EGF + Yoda1
B Control
c Control EGF EGF + Yoda1 <30 - Kkkk ek
' 7
Q
% 20 A
<
A \- 210 -
A Pl A B 2
v : » =
phalloidin EGF: - + +

Yodal: - - +

Figure 1-5. Piezol activation inhibits peripheral ruffle formation. (A) Live cell imaging of EGF-
induced membrane ruffles in A431 cells. The cells were stimulated with EGF in the absence or presence
of Yodal (1.5 uM). Live cell imaging was started immediately after adding EGF and Yodal. DIC images
at the indicated time points (0, 3, and 6 min) are shown. The bottom images show enlarged views of the
areas outlined by the white squares in the images at 6 min. (B) Scanning electron microscopy images of
A431 cells stimulated with EGF in the absence or presence of Yodal (1.5 pM) for 5 min. (C) F-actin
staining with phalloidin. Left: Representative confocal images are shown. Yellow arrowheads indicate
peripheral membrane ruftling areas. Right: Quantification of cells with peripheral ruffles. Scale bars, 10
pm (B); 20 um (A); 50 um (C). Data represent the mean + SE of three independent biological replicates.
(C). *¥*** p <0.0001; n.s., not significant. One-way ANOVA followed by Tukey-Kramer’s post hoc test

©).
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EGF: - + + 6 .
Yodal: - - +
Rac1-GTP -

total Rac1 | G- SN —

B-actin EGF:
Yoda1:

Rac1-GTP / total Rac1
o N H
B
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140 - Control EGF
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Relative F1 (%)

NN

EGF: - + + +

Yodal: - - + - TMR-dex70
NSC23766: - - - +

Figure 1-6. Piezol activation inhibits Racl activation. (A) Racl activation pull-down assay.
Representative western blot images (left) and densitometric analysis of Rac1-GTP levels normalized to
total Racl (right) are shown. (B) Flow cytometry analysis of EGF-stimulated TMR-dex70 uptake into
A431 cells for 10 min in the presence of Yodal (1.5 uM) or a Rac1 inhibitor NSC23766 (100 uM). (C)
Confocal microscopy observation of TMR-dex70 uptake in A431cells treated as in (B). Data represent
the mean + SE of three independent biological replicates (A, B). *, p < 0.05; **** p < 0.0001; n.s., not
significant. One-way ANOVA followed by Tukey-Kramer’s post hoc test (A, B).
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KIZ, Yodal 2% Racl #PHET 2HFICOWT, ZODAREMEZ G L 72, #loic, MldN= L
AT 0= AP ~DEER R LT, T vy 7B X MPC DFEICHEWTIE, Racl DFER
T 20 FEI L AT o= ABBETH L ERAMOND ¥, X 51T, Piezol DD a L
AT =AM X THEIE N ZEXMONG ¥, aL AT —LEEHET 520, EaTa
—FHalLzx7r -7 8 —7Chsb mCherry-D4H* % >, Yodal YLHEIC X 2 MlEN =L 27
0 — L RTE DAL R RN L 72, L SBMEE A W2 2 4 L5 T A4 XA =V v 7 DFER, Yodal 1%
RN O 2 L AT 8 — Ao Aic 8 % RIT & 70 2 & D3RR & 1 (Figure 1-7) ., Yodal i€ X % MPC
DIHER L AT =V FIEDOEICL 2 DT AW EARI N, KIT, Yodal 2SHIAEA
pH Z KT X 2 A[REEIC DO W THET L 72, fRFE W7 MPC [HEHITH 27 1w 74 Fid, Na'/H'
kR (NHE) % fHE 32 2 & CHIlIEN pH 2K F & 2, 2 hic X o T Racl ifMELZHE L,
FERE LT MPC 232 L AL T2 3, Yodal LEERFOMIAEA pH 2 L% TR 2 72
% . SNARF-5F % i\ 72 a6k (645/585nm) 1 X 0 AN pH % BERICHE > CHIE L 72 3,
A431 M@ % Yodal. ¥7:13% MPC [HEHI& LA HWONTWET I T4 FiFEAkTH 3
EIPA CHLEE L. HMIHEN pH #LL#LL 72 & & A, EIPA JLEHERICIZHIAEAN pH 25E B ICE T L 7225,
Yodal LEREF I IZHIAEAN pH O EALIZFR0 SN h - 7= (Figure 1-8), DT & 2>5., Yodal (A
HEMN pH I & % I3+ 2 & 7 <, fREFEM 7 MPC BHERITH % EIPA & 1R 2 HF1C X H MPC
FIHEL CTWwW3 2 &R ENTz, LT, Yodal 2% Racl iEMELIC D725 EGF ¥ 7' F Mm@k
BEHEL TV AAREEEZ R L, YT 2 XYy 7 uy Mgk Y., EGF #l#ic X 2 EGFR 3 X O°
Vav2 O J VEL~D Yodal DB MRHI L 72, Z DFER. Yodal b0 Y VgL ZHEL 7
WZ AR XN (Figure 1-9), Yodal MLEHIC X - T Racl OFEMALASIHEZI NS A H =X L%
BHO 0T 272D 13 e 5B HETH 55, LALEOKERES S, Yodal kKL 1357 2887
IC & 5 T Racl G Z HE S 2 AlREME 2Rk X L7z,

=1 min 20 sec 3 min

Yoda1

EGF

Figure 1-7. Yodal does not affect cholesterol
localization. A431 cells were transfected with
mCherry-tagged D4H, a specific probe for cholesterol,
serum-starved for 4 h, and then mCherry-D4H
fluorescence images were acquired every 20 sec. The
time of EGF (20 nM) and Yodal (1.5 puM) addition was
defined as time = 0. Images at the indicated time points
(1 min before reagent addition, and 20 sec and 3 min
after addition) are shown. Scale bars, 20 pm.

EGF + Yoda1
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Figure 1-8. Yodal does not change intracellular pH. (A) Relationship between fluorescence intensity
ratio (645/585 nm) of SNARF-5F AM and intracellular pH. The fluorescence intensity ratio (645/585 nm)
of SNARF-5F AM was plotted against the respective pH, and linear regression analysis was performed
to obtain the calibration curve. Data represent mean + s.e.m. (n = 150 cells for each condition from three
independent experiments). (B) Intracellular pH measurement using SNARF-5F AM in starved A431 cells
treated either with Yodal (1.5 pM) for 10 min or EIPA (25 uM) for 30 min in D-MEM(-). EIPA was used
as a positive control to reduce intracellular pH. The intracellular pH value was obtained from the
calibration curve in (A). Data represent the mean + SE (n = 150 cells for each condition from three
independent experiments). *** p < 0.001; n.s., not significant. One-way ANOVA followed by Dunnett’s
post hoc test.

A B
EGFR
EGF: - + +
Yoda1: - - +
l pEGFR
PI3K, Src total EGFR
l pVav2
Vav2 total Vav2 -
l beta-actin
Rac1

Figure 1-9. Yodal does not inhibit phosphorylation of EGFR and Vav2. (A) Schematic diagram
showing the pathway of Rac1 activation by EGF. (B) Western blot analysis. A431 cells were treated with
EGF (20 nM) and Yodal (1.5 uM) for 5 min, and total cell lysates were analyzed by SDS-PAGE followed
by western blotting. Experiments were performed at least twice with similar results.
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% 3 Piezol WEMEALIC X B MPC PHE i3 2 HliEdk Ca D2

Piezol 23VEMEL L CHRN S 2 2 &2 X b, MfEst Ca¥ N~ AT 2 Z & 3HI b
TWw37® % Yodal i X 5 MPC FHE ICHIfas Ca2RADBES 3§ 2 2% ET L7z, £3. A431
HIBZIC I % Yodal I X % Ca? iR A %R T 5729, GCaMP6s # 272 X4 LT T AN 7 L
ARX=L VT BEBLT-E T A, Yodal ZFML 72 EZICHITEA Ca2 B2 LA+ 2 C & 23R
&7z (Figure 1-10A), Piezol CHiDMEMZ AT ¥ A2 v 1%, ERANIMEEOHFFKIC X - T b iEHEAL
ZTLAEEM RS BH T8, avbr—1 Yk LT DMSO 2 & UEKRERML 25E <l
GCaMP6s D HCHRE DBINNIZEED b Niadr o722 & 25 (Figure 1-10A). RO TRMNIC X 2 Hébk
T3 7 <. Yodal iC X % Piezol i&TE(LIC & o THIMEN Ca> IERFEASBINI L T 3 2 & ASHfERR X
N7z, £72. Ca¥ Z & E 7\ HBSS 2 L 72856 Tld. Yodal I X 2 #iIfEWN Ca*" IRE D k1358
Do d o7 (Figure 1-10A), T H OFERD 5 A431 MfZIC BT, Yodal #INIC X - CTHl
fash Ca®* 28 L. MIEN Ca?REEA EH 32 2 LR &tz

RIC, Yodal IC X 5 MPC fHEICE T 2 Ca¥ TMADFT G R TR 25720, Ca¥ % & i\ Eiith %
W R 2 AT o 72, Ca¥ % & F 72 WETHEA T D TMR-dex70 HU Y iA & % 5 L 72 & & 2 a4 ca®*
ZEFE R VST TlE. Yodal 13 EGF RIUKAFR) 72 TMR-dex70 OHLY AZ ZRHE L 7o 2 & A3
fifei2 & 7z (Figures 1-10B,C), Z 4L, Yodal IZ X % Piezol %41 L 7= M4t Ca?iii A23. MPC [H
BICHEETHL I ERBL TS, $7-, Ca2 %2 AT aVEMT T, Yodal ZFMNL R WiGa
T, TMR-dex70 DHL Y iAHR DY Ca? % G LA F W 72558 & R L TR 40%870 L 72 (Figures
1-10B, C), A431 #AZIC 1) % EGF HIEGEHER MPC 2. HIAZSF Ca? ITHRTF L 7\ 2 & 2SBRICHR
HINTw L84 HIHESh Ca¥ DFZETHIRSMF R R OV IC X Y Rr 2 ATREME S H 5,
fast Ca®HikD EGF FHER MPC ~DFEICOWTIIHRORMAEDH 2D DD, Z DFERIT.
Yodal IC & % Piezol iGE(L25HI@S Ca® WEAMAFHYIC EGF #5388 MPC %#[HE T2 Z & 2R L T
Wb,
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Figure 1-10. Macropinocytosis inhibition by Yodal requires extracellular Ca?" influx. (A) GCaMP6s
fluorescence intensity was recorded every 1 min. DMSO and Yodal (1.5 pM) were added at 5 and 8 min
after the start of time-lapse imaging, respectively. Left: Representative images of the GCaMPo6s-
expressing cells treated with DMSO and Yodal in the absence or presence of Ca®’. Middle:
Representative time-course of relative fluorescence intensity of GCaMP6s. Right: Quantification of
maximum Yodal-induced GCaMP6s intensity increase. (B) Flow cytometry analysis of EGF-stimulated
TMR-dex70 uptake into A431 cells in Ca**-containing or Ca**-free conditions in the absence or presence
of Yodal (1.5 uM). (C) Observation of TMR-dex70 uptake in Ca**-free condition. The cells were treated
as in (B). The bottom images show enlarged views of the areas outlined by the white squares in the top
images. Scale bars, 10 pm (C bottom); 20 um (A, C top). Data represent in box plot of cells pooled from
two independent experiments (A). Data represent the mean = SE of three independent biological

replicates. (B). ***p < 0.001; **** p < 0.0001; n.s., not significant. One-way ANOVA followed by
Tukey-Kramer’s post hoc test (A, B).
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HAH Piezol IEME(LIC X 2 MPC FHEIC N 35 KCa3.1 DR

Piezol # /L 7z Ca®*v 7' F M RED Tl T MPC OMIfIcBhE S 20 72K ET 5 2 L% HiE
L. Piezol P CHAET 207 & LT, KCa3.1 ICiFH L7z, KCa3.1 i3 vy v 2tk Y v L
F % FATH Y, Piezol 2L 7= Ca¥ AL & o T LI N 3 2 & T, FRIMERDOHINEARE % I8
HrEBEPHEINT S Y, 72, KCa3.l (X, EGF FHER MPC ICB T b EERAE %
Ho 2B MEINT WD S, MPC DBEFETIZ, FRFKA 7 > FF (PIPs) DR ALY v
{t (P1(3.4,5)P3—PI(3,4)P2—PI(3)P—PI) 2HLETH 3 ¥, KCa3.1 iZ PIB)P i X o Tiktib a3
CEPMEINTEY, MPC 1y 7OIBRICH HETH 5 409, L7zp3o T, MPC EIICEHIT 2
WY 7 24 1 v 7 TD KCa3.l OiEMALZ, MPC 702 ADETICHETH L EELLND, %
Z T, Yodal I X % Ca* it AIC X o T KCa3.1 BAMITIEH LT, 2@ x4 I v/ TD
WD Z v 7 VBRI 2 2 & T MPC 28fHE S NS L{RGE L 72, KCa3.l DfHERICIZ~
sy )V —LDBMBHEI LA, 7 v 7VBKICITFER W LRI HILT WS 728 4]
Yodal iC X 2~2nvv /%4 =Y R[HE~D KCa3.1 DEAG %, BT v 7 A E % FHis 2 2 &
THRGE L 72, A431 IS % 38R KCa3.1 BHEAICH 5 TRAM-34°92 CRIMLEE L, % D%, EGF &
Yodal % TRAM-34 DFEE N T L 72, XA LT TAA A=V v 7B X7 74P /I X 5 F-
actin B DFfER ., TRAM-34 % UUHKFICIX, Yodal DFEFTH->TH EGF IC X BELT v 7 v

A TRAM-34 + EGF + Yoda1

02:30 05:00

40 ; n.s.

B TRAM-34 DMSO

w
o
1

Control EGF EGF + Yoda1l EGF + Yoda1

N
o
L

10 -

Cells with ruffles (%)

TRAM-34: + + + -

Figure 1-11. KCa3.1 inhibition rescues Yodal-induced suppression of ruffle formation. (A) Live cell
imaging of EGF-induced membrane ruffles in A431 cells. The cells were pretreated with a KCa3.1
inhibitor TRAM-34 for 5 min and then stimulated with EGF in the presence of Yodal (1.5 uM). Live cell
imaging was started immediately after adding EGF and Yodal. DIC images at the indicated time points
(0, 2.5, and 5 min) are shown. The right image shows an enlarged view of the area outlined by the white
square in the image at 5 min. (B) F-actin staining with phalloidin. Left: Representative images of A431
cells pretreated with TRAM-34 for 5 min and then stimulated with EGF in the absence or presence of
Yodal (1.5 uM) for 5 min. Right: Quantification of cells with peripheral ruffles. Scale bars, 20 um (A);
50 um (B). Data represent the mean = SE of three independent biological replicates (B). ***p < 0.001;
n.s., not significant. One-way ANOVA followed by Tukey-Kramer’s post hoc test (B).
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s X OF F-actin DEREAMIE T2 2 L 2 HER S 7z (Figures 1-11A, B),

X HIT, Yodal & Ca** 44/ 7 47 TH 3 ionomycin @ MPC FHEXR % HLHL L 72, Tonomycin
SLER AN Ca? IR #BINE ¢ 5 2 & T, PIGSP2 2Ty tu—i (DAG) B X UA
J ¥ b =320 Vg (IP3) KO RL, FAF Y =+ C (PLC) %iEMALT 2 C & 2 &
T3 8, PI(4,5P, DEREN 72 ) v s X OW ) v iE({L2 MPC I8 TH % 729, PI4,5)P;
DRAMICHREINDG & MPC 23 Il d N2 &EZ bb, £ 2T, MIEAN PIG,5P, D&%, BIG T
I — FERIANA F 2 v H—Th b GFP-PLCS-PH* Z W CHHli L 72, XA LT TAA A=YV ID
fE3R. ionomycin ALFRIC X o T PI(4,5)P; N4 A& v — 3 H & MIHEE ~ & BT 2 BT 25 B
XN 7= (Figure 1-12A), K LT, Yodal MLERIC X o TIZ A A+ v —OMIEHNETEIZZ(L L 72 %
> 7z (Figure 1-12A), Z#i¥. Yodal IZAHEHN Ca2 % EH &2 2 D DD, ionomycin & 1FFE 7%
D, PI45P, ZfEL 7T 2R L TWwWb, X HIC, ionomycin UBEZ 1T > 72554 Cld. Yodal
WMBDIGE & 13572 ) . TRAM-34 12 X B E T v 7 MR O [E18 13 HEZ2 & 72 2> - 7= (Figure 1-12B) ,
INHDFERD B Yodal (F ionomycin & 13527 2 #%FF© MPC % [H L T3 Y ( Yodal I X 5 EGF
FHEA MPC OIfili, Piezol WEME L% A L 72 Ca? B DIENNC X 3 KCa3.1 WG L Z 8 L T 5
TEDBRBINT,

KCa3.1 DiEE(LDS MPC DHIFHNICEIS LT3 2 & % X HICHERT 3 729, KCa3.1 iGHEALHAlC
H % SKA-31% % T\ 2T KCa3.1 ZHEHEMITIEMIL L, EGFIC X VEFEI NI T v 7 VBB
X OMPC 1T X 2 HL Y AL NG X 2 % MET L 72. SKA-31 DRNRZE T v 7 VTR D ERIC
X D EHHi L7z & Z A, SKA-31 IE. Yodal IZ LB/ Tl b DD, EGF I X 27 v 7 VERE
HEEBICET 2 C &R S Lz (Figure 1-13A), iV T, SKA-31 LEEIF D TMR-dex70 HX

>

=1 min 20 sec 3 min
TRAM-34 + EGF + ionomycin

02:30

£
7]
>
£
o
c
L

Figure 1-12. Yodal does not induce PI1(4,5)P, depletion. (A) A431 cells were transfected with GFP-
tagged PLCS-PH, a specific probe for PI(4,5)P,, and then GFP-PLC-PH fluorescence images were
acquired every 20 s. The time of ionomycin (5 uM) or Yodal (1.5 pM) addition was defined as time = 0.
Images at the indicated time points (1 min before adding reagents, 20 s and 3 min after addition) are
shown. (B) Live imaging shows that ionomycin inhibits EGF-induced ruffle also in the presence of
TRAM-34. A431 cells were pretreated with a KCa3.1 inhibitor TRAM-34 (10 uM) for 5 min and then
stimulated with EGF (20 nM) in the presence of ionomycin (5 pM). Time-lapse imaging was started
immediately after adding EGF and ionomycin. DIC images at the indicated time points (0 min, 2.5 min,
and 5 min) are shown. The bottom image shows an enlarged view of the area outlined by the white square
in the image at 5 min. Scale bars, 20 um (A, B).
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D AB % FHE L 72 & Z A, SKA-31 IC X o T EGF fK{£ ¥ 72 TMR-dex70 HX D iAZ 03 F B &
% T L HER X iz (Figures 1-13B,C) o LA E DR A 6| KCa3.1 % ABHNICTEHEL 35 2 & T,
EGF #5828 MPC Z#Ifi| ¢ & 2 Z & 258 S 7,
REDERZHRAET 5 & Yodal IZFFEMIT Piezol ZiEML L. i X b ZA#7r KCa3.1 252
BUSIEMEL 2 N, Racl iEMELSHEINZ L T 7 F Vv HREEEAIIH SN B 2 L 2REB I N B
(Figure 1-14),

A B C
- '

" A40_ 140 . &
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Sl  EGF: + o+ EGF: - + 4+ TMR-dex70
Figure 1-13. Pharmacological activation of KCa3.1 inhibits EGF-induced macropinocytosis. (A) F-
actin staining with phalloidin. Left: Representative images of A431 cells pretreated with the KCa3.1
activator SKA-31 for 5 min and then stimulated with EGF for 5 min. Right: Quantification of cells with
peripheral ruffles. (B) Flow cytometry analysis of TMR-dex70 uptake. The cells were pretreated with the
KCa3.1 activator SKA-31 for 5 min and then stimulated with EGF for the uptake of TMR-dex70 for 10
min. (C) Observation of TMR-dex70 uptake. The cells were treated as in (B). Scale bars, 20 um (C); 50
pm (A). Data represent the mean = SE of three independent biological replicates. (A, B). *p < 0.05.
Student’s t-test (A); One-way ANOVA followed by Tukey-Kramer’s post hoc test (B).

[ | | actin’ | —A — .
rearrangement 0‘e ‘e macropinosome

PI(345)P3 PI(34)P2 PI(3)P
o 0 ©
KCa3. 1OO P.ezo1qO '\ KCa3.1

Caz*o 0 Yoda1

Figure 1-14. Working hypothesis of macropinocytosis inhibition using Yodal. Yodal-induced,
Piezol-dependent extracellular Ca2+ influx causes non-proper activation of KCa3.1, which inhibits Racl
activation followed by ruffle formation.
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aEm & R

5 1% Tlk, Yodal %\ T Piezol Z3EMEALT 5 Z & T, A431 #iflEic 1 % EGF FFE% MPC
o fJICfHETZ 2 2 ¢ 2 RH L 72, Yodal I X % Piezol iGTE LI, MIIEA: Ca¥ 2SR A L.
Racl DiEMALIH S, ZNICHES 727 F vEAEBLVE T v 7LVvOFERHEI NS 2 L2
52 L7z (Figure 1-14), %7z, Piezol iGME{LIC X % MPC [H# X, Piezol /A L7ch vy v Ly
TFADTRCHAEST 57 ) 7 L F ¥ 4L KCa3. 1 IIKFEL Tz,

ARHFFECREF L 72 A431 MIfZIC 35T, Piezol %/ ¥ 2 77 F (KO) L T, EGF #E% MPC
IZ X 2 TMR-dex70 OHL Y iAA I S s, L AZ DY AALEIX WT A431 Mg & ik L <
1 30%H8 0 L Tz (Figure 1-4), Z DFEFR 25 Piezol HIKIZ MPC ICHZED S F Tl \nvdh D
D, % DOIEED MPC % BICHIFI L T 2 ATREMEDS R S Tz, F 72, MIIEERE-C PIPs 72 & DI

EE 23 Piezol DIEMEICEISG L T2 T & 3 REE T LT % 6668, MPC DiEfETld. PIPs D EREHY
AW, T/ FVEWBEICX X4 F Iy 7 REEEHAAEL 52 L5, Piezol I3 MPC IZE W
THRED XA I v 7B X CHEECER LI N REEREZEZ b NS, KETIE, TT=ZAFTH
% Yodal % Fi\>T Piezol % JHAMNITIEMAL L 72D MPC ~D &% i+ 2i1ct 8 E-> Tk
b . Piezol 25 MPC OFffIIC R 7= FAEMPEE 2T~ 25 2 & 13, SBOBELRMNILT —~D—DT
HbHEFERD, £, Piezol AW DEEWZ BT (A A7 v v —) REEIENZCAEKED MPC ~
DHEIZONWT H ARHETIIREFTTE TRV, AH /&y H—E& MPC & DRHEICOWTIE, T
L BRSO AR K T A3 F 2R Y ¥—+ D2 (PLD2) DiEHELZ /AL T MPC %8 T2 2 &+
. b FZiCE1) 3 BRI DA stretch-activated T ¥ A L & A L 7z Ca?" i AIC & - T MPC % I
filg 52 & PRwEINTN D,

Yodal #LFHIC X U Racl OiEHALAIHIE 2 A =X Ldh, SHOEELRFERETH 5, K
FEClE. Yodal IT X % Piezol i bic X - T Racl iGEMEL 23 IdI S 2887 & LT, = >0 A[HENE:
EMETL722, WIENDEY L ad o7z, TOFERD S, Piezol WEHELICK o T, ZhE TIKHR
EHINTHWDELDEFERRZBFIC X > T Racl Wi b2 IH T w3 L& 2 55, Piezol &
Racl OBfEICOWTIE, H2AMAEZ w7298 1 35\ C Piezol / v 7 X' v 23 Racl i&ME(L %
FlERzF e rAMEEINTEY, 7 Piezol DIEMALDS Racl Z i3 2 AIREMEARE S LT
2—HT, ZOFfMlAR A =X L IKRBHDOE T TH 2, & 51T, KHIT Piezol #EMALIC X » T
Racl 25EME L E N2 Lo MREH H D 2. Piezol ¥ 7 F i X % Racl ~DEE LIRILICTHKAT L
THHTHDL LT Z 5,

¥ 72, RE T, Yodal i X % MPC #Ifil|Zh 528 Piezol %/ L 7z MlIfE4: Ca* DIAICHKIEL T %
TERIRLEC LT, HEEHER MPC & Ca* DR HICOWT O D TOMBEEZIRMET 2 &)
MCTHEAEERFD, INE T, MPC & Ca¥' e offficonwTit, v~/ mu 77 —YickF5E
H MPC 25, Ay LEMZEE (CaSR) ¥ X OIS Ca? icikiF 42 L A T T
BDBTH > 72, FEC . EGF FHER MPC 122 W TS, Ca IHRIEIICTH 5 & XN T 7228,
INRABEICEWT Ca¥* 2 E T R 0EHbh T MPCIEHEAE T L2 & L id—E L v, 51T,
BHDOFTBIIIEED 5, Ca¥* & MPC DRHEICOWT DR & LT, Ca ZMlas~ L i3 2 70
Y LR Y T TH D ATP2B4 72 MPC iEMEICLEETH V. ATP2B4 O Ca?' R v 7R~/ me ) v —
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LIRS OHIMNICEE C©H 5 2 & 2 LT3 7, ATP2B4 KO A431 ICEWT MPC oy v
LAY L= a VOREMET T2 2 &2 5, MPC HICHEY) A IIEK Ca2 A LA L 5 2 LA E
WCH BZAHEMERRBE NS B, 5% Ca¥'t MPC L OBEICOWT I LR 252w 5 2 &L T,
MPC FFR) 2 FHL ORI O fFIHIc O 7203 2 LHAREI 1L B,

KCa3.1 #PfHEF % Z & T, Yodal DFHE FTH > ThH EGF HHIC X [T v 7 VR % A1
®2ZLnTE% (Figure 1-11), MPC & KCa3.1 ®BEIC DWW Tl, KCa3.1 DiEME(LA MPC @
BRI TH 27y 7AHHE~ /v ) Y —LOBRICLETH 2 Z R INETICHEI N
T3 %, —J, KRETI, WEHEMHEZ V722 AZ1 7 KCa3.1 OFH LIc X - T3 MPC 23fHE
S rzHZCHERRALAELZ, MPC O T, PIPs © B 7 & 1

(P1(3,4,5)P3—PI(3,4)P,—PI(3)P—PI) 234 L, KCa3.1 32D H B PIB)P IC X » CiftEfkans
EBHLNT WS, TNSLDHIRA S, KCa3.l i MPC DiEfE T PIG)P 23E L 257 % 4 I v
7oEtftang 2 &, MPC Z#lflIL T2 L PRI NS, 51T, KCa3.l IF Piezol IC X 3%
Ca¥ AL Lo THIHHALZZ T 2 2 L 3 |E SN TEH Y, Yodal IC X % Piezol DIEMHALIC X -
T. KCa3.1 285 PIR)P 23U B LRI OREY 72 2 4 2 v 7Ol b 232\ 3 2 & 25, MPC [HEIC
oo Twaa[EetEn H 5, 4L, Piezol 23EME L T N TH KCa3.l 23 fHEF T LT iid EGF
R X 27 7 F VvEBEL 7 v 7VIBROEE L ClIifl T iz nw 2 & 2R LEARREOKRIC
XoThIFrans,

MPC D 3EY%ERIE L L COREEIEIC D W T IFR i~ 72 ) Td 3 238, B 2 i i
b, MPC ILIEE ARG & DB TR E REHZED T3 ™7, MPC 1%, Mifastx v <78
PRERTIEBRWITHE L YA 2 & T, BAMAEICE T 2 REMGRIE L L CEERK
Rz L, BPAMIROEFZREST 2 2 LB mMEINTVS, ZDd, MPC HEH DFRAFEN
DABRRBICICH T E 2[RRI LT 5 777, Z oI »WTd, MPC D4 THEE O fi
B, MPC % HlfHl 4 3 72 0 QR R R 3REE )Y — L DFAF (30 CHEERBEWR 2o %, ftk
DREM 7 MPC FHEAI & L CTl. cytochalasin D, wortmannin, EIPA 72 EA3ZF b 5203, 2ibh
I MPC LSt D v P44 b — o RFERRIC D 528 % JAE 3, Bl ZE, b 15 MPC [HEHA
T®H % EIPA I3, NHE % [H#E 3% Z & TMPC Z[HE T 525, TRPP3 b [HE T 5135 ¥, EFH DFE
BRClX CME i L C b BEE R HEM R 2R L illldmzth & M3 © % 7\, —J7 T, Yodal % Piezol
DRI T IT=ZAFTHYH, CME KIFLALEELY 523, MPC ZREIICHET 2 2 &2
RENTZ, ZORERIT, MPC ITx3 2581y A 038 1 7 BHEH] & LT D Yodal D AJBENE & /R
2bDTH D, KiFFETIE, A431 HIAZIC 51T % EGF 558 MPC 1243 % Yodal ®BHERNE I/
%, HT1080 fific F51F 2 & % Ras I X 2 {HHFET MPC 1<} 3~ 2 HEM R D EZR L 72, Ras BHEH
AMIIEIC B 1F 52 MPC ICXH 9 5 Piezol DG, Z NI X % 23 A GEiN g o nlgetkid, 5%
DEELMHETH L LFEZ D,
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2
L17E I X 2 #fEPI%EIC T 5 KCa3.1 DEH S
e

EEEANA BN TN ~NEAT 2 EEZHME LT, VRY =L F I hT, T T
N ERkA e FEBRFEINCTE LT, L L, MlENEEFEOIICB T 2 &5 1385 »—
T, 2N OFERTICBT 25 AR IR O LT3 8285, b oLl 2 &
T BFORETFEOLRC, FTHT IV N) —EoRIHICH S5 T2 2 LRI NS, 51T
PRI E 5 2 2 EVHIRT 2 FoE T 2 i, Al ﬂﬂi“li@mm_l%%&@ﬁﬁ%% in
vivo G FARE DEEIFHFRIC 35 1) 2 385FE O PN A A ~—Ah— & LCoiEM b HAfFE 5 891,

FEEOFTBITEE Clx, Pk (1gG) L X DfhOREM: & v X7 B %3 4 + VA~ AA[REZR <
7' F L17E Z A% L 72 35 L17E \X. 7 THEHROEINIE~ 7T FCTH % M-lycotoxin D Bf/KIE
hET 5842y (Leu,L) D—2o%, AELEZF>7 04 I Vg (Glu,E) ICEH:L 725958
HFAVERTFRTH L, COERICKY, *TF F &M BUK M EEF 259855 L. #
NI L 720 % O —T7C, W R BREEF G2 MR L 72 2 & T LI7E (ZMiicimms 3 &
HIRERE 0 Z M % —@ I E o, PR Z X o &3 2 EWEtEE a1 2 R (5 oK) <9 4
FYNANEAT BT LHARETH B %, L L. LITE ZEEEMAICEIN L 72BE. 100% DA 3
4%?»%%#ﬁbﬂ%ﬁfuﬁ<\%%%ikK%@%éuEﬁé%®®\—E%é®%%@
KT L FENPTONT ., BENE (% OMAEETE 25) T+ L ldE xR\, LITED
SR 72 (E BT I IE RO ER 2 3% <. B4+ Y VIKIED \¥ﬁ*ﬁ°%ﬁ¢ﬁﬂﬁ"5 ET. X0 E
WA b NREEORFEIC OB 2 AREMNEL D B, 5 2T TiE. L17E OFRIHEME O fiRA,
HCd A bV VRESRICGEE S R0 BiE L 72,

L17EIC X 2 MIAENEEDS, — i 2> DH 0 7 B E OfeEIC X > CTHEL 5 2 & 2R L 7=,
L17EIC X 2 MIAENIEZEIC 1X. CMESMPC e W o 72RFEWN AT Y P9 A4 b= XFITIT L A LB
HLCTwizn 57z, LITEIC X 2 #IREMNEERNREAMAk L e B 2 micEH L, itk e o
REMNEOE N ZNTNLOMAARICE T 2RED X v X 7 BRBIREDENICERE T 5 LK
E LTy T—2R=ZADPOLES L 2B TR T — & LLITEIC X 2:325:EZ8h K O MBI R % 11
OB MK ZHCCERE L Z A, Ay Yy LEHEA Y ¥ L F v 2 TH %KCa3.
15 % A V%3 —FF 28R TFKCNNADFKBE DB LITED EEL & muHBEZ R T e 2 /R
H L7z, KCNN4DKOIZ X Y LITEDEEMNE 1WA L, KIIC, KCNN4D@FIFFIC X hL17
EDEEMHEN EA L7z, T HIC, KCa3. 1D HEA F 72 3G AL 2R3 % &, L17TEDXE
PRI ZNZENET E2 I ER LA, LITEOREMENBEENMRFNTH 5 2 & 2 HERT
&b, LITEAEIKHIC B o 2 fliast 2> & @ Ca? " LA DSLITEIC X %aﬂ%tﬁﬂiﬂ'@whk
WHEHTHBZERHHBL 7=,
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B1E LITEIC X 394 b Y AkEo EEREK O RS

AW TlE, LITE ICX 294 b Y VEENE LTGS2 7-91C, LITE ICX > THA by~
REINZETALH—TELT, IvbFuryva (PD) #Hviz, PLIZTE IO GIC
ﬁ%éﬂ%ﬁ”?kA%f@D %f»w~ﬁaLfﬁménéﬁ%ﬁ%f#xb77%m%ﬂ
YANTHICHARTOFEI NS W, —TTT BEEAES T WKBRREEETH L Z b, il
’g?ﬂ‘ZGC;&ULLT RNA # &R ICHE S L - BRICo Ad e m 3 5 2, ZofRfEicih, = v
Ky — AR I N PLEZRRINL A F YV ICEBEL 72 PLO A ZMRIAIRETH 5 L E 2 7=,
L17E f£7E FCTD Pl OXENE %3l 5 72 ic, Pl GHEMEOEH&%Z, 7u—H 4 F A Y —
W THIE L 72, U208 Mifidic PI & LI17E 2 RIRFICEINT 2 &, PI BiMlE o BI& 2383 11
3 2 2 & AR S 7z (Figures 2-1A, B, D)o —/i. L17E DA Z ik IC PBS itz 17\, Al
Ri2> & L17E ZBRZE L 72421 PILD B 2 NI L 728545 Tl PLIGEMIAE © SR 2 380 13380 b g,
PILOH A b Y NEEN LITEFE N TOREL B 2 LR E NIz, (Figures2-1C,D), Z OfER
IZL17EIC X 2% 4 b VViREEED LI7TE ORINRIC—RIC I I N2 2L 2 RB L TE D,
¥ 72, LITE LIS X 2 ISR R CE 2LV TH L LB R LTS, EHIC, PLEET
NH—TE LT, 7u—% 4 b A M) —fHTICX 5T LITE O 4 bV vkEE N % E ' ICEE
fifi 9~ 2 FiE D Z L EDMHER S 7,

60 7

D r
§ s R2: 1.45 50 -
il L 2
HHI 3 °
2 3071
B : L17E § 201
~~ @ T
. 10
’ . oo | | o
No treat A B C
C

PI>

Figure 2-1. Cytosolic translocation of PI occurs only in the presence of L17E. Flow cytometry
analysis of cells treated with PI in the absence of L17E (A) and in the presence of L17E (B), and cells
treated with L17E in the absence of PI followed by washout of L17E and incubation with PI (C). U20S
cells were treated with PI (50 pg/mL) and L17E (40 uM) in D-MEM(-) for 5 min. Washout of L17E was
done with PBS twice and then PI was immediately added followed by 5 min incubation in the absence of
L17E. (D) Quantification of PI positive cells in (A-C). Data represent the mean = SE of three
independent biological replicates.
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RIC, LITEWC X 294 bV NEEOKRZHL T 2720, HESHEMEAH 22447
TABEICX Y, LI7TE ICX % Pl YA b Y VIKEZRENT L 72, BEEEBEEX v X7 BHTH S
ANXAL* ITH S 2 v 87 ETdH % EGFP %L 72f@lé& & v %278 (ANXA4-EGFP) % U20S
faic —@BMERFE S, ZOMALIC LI7TE & PLZRIML 2667288 L7z ¢ 2 A, LITE %%ﬁbubf

59120 Bt&ic, PISHIBEPICHRA LR % & L RS iz, PO A+ I ABfTid. kg
fEoRmMEERICEH—ICEC 20 TldR . MEBEDORS W=l 0 & CRATT C&‘,% Ehz
(Figure 2-2 BAMEEEIR 2 Bt H) . PI DAL, IMARICIE T 5 PI OHIEIEE IR 2 1A L T
27T &b PLIRMABEEICH A P YA BRI L2 E 2 b5, ZOFfRIE. TAT ©
Y ITAF= v EOMREGEE~ 7 F F (CPP) 725, MO otk & M Ic B T3
5 Z &% LRI O & —E3 5 77, PL DA RICE W T, [RFIC ANXA4-EGFP DR D
B X n7- (Figure 2-2 TEMMSHIEIR 1 BXH). PI2SH A4 b Y AL L 7%, PIRARICE T
% ANXA4-EGFP DERIZHE L7z, TOREREL S, LITEICX 294 b Y ukE L, @i
[T s MR DRI 2 5 3 4 + VA~ DEEBITRIEOREIC L 2 b0 Th i LEZLND,
F72, LITEIC X B9 4 b VVEERIC T, MERN b 2 BEEBIE X v o 7o Zic k> T
H%T%f%ﬁi‘ﬂ%@éh HIFZE A Ml X N5 2 L AR E N D,

RIC, LITER T Y FH A4 b= ZAENLTHA by kE2fT ) vRetE2Mat L7z, chET
CHREINTWE I A P Y AVEKEFEDLCIZ, TV FH A F—v Rk o> CTHIRGICE D ;A E 1
Teth, TV R Y=Ll T 22T, A4 P ANDEERITH MBSO, LITE Ik 594
FYWERZICNT Y FH A b= ARKOBG 2T 2720, £V FH A b —v 24%K%
ERERMCHET 2HERM 2z, 7272 VikfFEZ Y F 94 b= 2 (CME) [HEHITH
% CPZ., £ 4 F I vVIHEAITH 2 Dyngo-4A., WA FIKEHEZ Y F ¥4 =2 XHEHITH %
Nystatin, ¥ 7 0 &/ %4 b — 2 (MPC) [HEHITH % EIPA % U20S MIfLICHTLEE L . Z D%,
BIHEAROFAET TLITE 25 L7z, ZDRER. CPZ £ 721 EIPA Z U L 7254 TIX L17E IC
X% Pl %4 bV AKESERSIICINH & 2 (Figure 2-3A), % 2T, LI7E OERICH 3
CME & MPC OB5 % X 0 FFflICiRE 35 72 ®, CME ICbBk 7 7 2 ) vEEH (CHC) 010 %
7213 MPC IC 6% 7 Racl3®1 % | siRNA Zf\wC/ v 7 X v L7 (Figures 2-3B, D), L#2>L.
CHC 7213 Racl 2/ v 27X v L7REETDH, LITEIC X 2 PLOY A4+ VVEEMRIFET L

U20S + L17E

110 sec 120 sec 140 sec 220 sec

Figure 2-2. Endocytosis is not the major
pathway for cytosolic delivery by L17E. Time-
lapse imaging of intracellular delivery of
propidium iodide (PI) in U20S cells expressing
EGFP-tagged Annexin A4 (ANXA4-EGFP, a
membrane repair-related protein) in the presence
of L17E (40 uM). Time after L17E addition is
shown above the images. Yellow arrowheads
indicate a PI influx point.

ANXA4-EGFP/PI
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7o 7z (Figures 2-3C,E). Z4UiE, LITEIC X 294 b Y EEIC, CME < MPC 236 E R\ Z
LERBL TS, CPZ XU EIPA F#E F Tk, INOHERIOA 7 2 =7y PiRIck > T
LITE iEMAME T L7z Ex b5, LEDORERIY, LITE ICX 594 b Y vikEiZ, =V FY
— L2 b DMt %A X3, EICHIT 20— R e SEEE O Fic X 334 P YA~
BERiTICkoTilEz 3 E 265N 5,

A O, OPI+L17E

Hkkk

U20S + L17E n.S.

o

2]
o
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Figure 2-3. Endocytosis is not the major pathway for cytosolic delivery by L17E. (A) U20S cells
were pretreated with CPZ (20 uM), Dyngo-4a (10 uM), nystatin (50 uM), or EIPA (40 uM) in D-MEM(+)
for 30 min and then treated with PI and each inhibitor in the presence or absence of L17E (40 uM) for 5
min. Representative confocal images (left) and flow cytometry analysis (right) of PI internalized cells.
(B) Quantitative polymerase chain reaction (QPCR) analysis for mRNA levels of clathrin heavy chain
(CHC) in U208 cells. mRNA expression levels were determined by the standard curve method using
GAPDH as a reference gene. (C) PI delivery by L17E in CHC knockdown (KD) U20S cells. Cells were
transfected either with control siRNA (siCont) or clathrin heavy chain siRNA (siCHC) and treated with
PI and L17E (40 uM). Representative confocal images (top) and results of flow cytometry analysis
(bottom) of the cells attaining L17E-mediated internalization of PI are shown. (D) qPCR analysis for
mRNA levels of Racl in HT1080 cells. mRNA expression level was determined by the standard curve
method using GAPDH as a reference gene. (E) PI delivery by L17E in Racl KD HT1080 cells. Cells
were transfected either with control siRNA (siCont) or Racl siRNA (siRacl) and treated with PI and
L17E (40 uM). Scale bars, 20 um (A, C, E). Data represent the mean + SD of triplicate samples from one
of two independent experiments (B, D) and the mean + SE of three independent biological replicates (A,
C, E). * p<0.05; ¥*** p <0.001; n.s., not significant. One-way ANOVA followed by Tukey—Kramer’s
post hoc test (A, C, E); Student’s t-test (B, D).
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T2 EAZHMlEKRICE TS LITEIC X 3294 b v &En T o -

FREOWMEIZED 2T LITEIC X 294 b VY ViKZEDORESMMAk S L icKE{ B R L
DS > & T o7z, Bl Z1E, U208 Ml Tlx. 40 uM @ LI7E ALERIC X D 9 50%DAIAZIC PT 2%%
T 72 2% (Figure 2-3C) HT1080 #MlliE T3 RIS T 70% D &R H H3EK & 1172 (Figure 2-3E)
FTIE 22 % D JefTHFZE I B\ T, HeLa MIHE T3 40 uM @ L17E ALERIC X D 30~50%DiE3ERN K A3
FTOND T EDIRINTVS M2, cn b OfiRZHE 2. B 2ifllatkco LITE OiEH%Z &
LICFHIiT 52 & & LT,

11 FEH D 23 AAIRERE %2 v T %n%‘h@%ﬂiﬁ’ﬂwcmm LITEKTFI 72 PL D W 4 b vk
WA 7a—3F A4 b A MY —fEHTIC XD ERICEHR L 72, 2 OfER. PLEERIIMAEK S &
WKCKEL B> TED, 5%KHD 5 70%ML@£IT > LT\ 7z (Figure2-4 T 277 7), 3k
EHEMERRIC L > Th, MREERFRSETH 21 20b b, MARE cEME SRk
% L BHER I Iz (Figure2-4 EOWR), Ras BRZFFH, ®\ MPC L RO Z & ﬁ‘?ﬁﬂ:é
NTw % HT1080 A ¥ I X T MIA PaCa-2 i ™ 1%, FH~7-fliiatk o T d @ 0akEZR
~ L7z (Figure2-4, & 1CH 70%), —77. RIL K Ras BRZFFH | MPC % [HHICHE T 2 T24
HHAE 103104 13, L17E 13 L3 2 2580 T 2> 72 (Figure 2-4, %9 5%) . & OFERIZ. MPC
ZAL7ZERY AR LT LD LITEWEHICEEL TouaWnwZ L 2o CTlii L T\wb, 72, iEH
TREZ L, BRI cH % U208 Mifid (Figure 2-4. 1XIERNHAT 50%) & SISA1 #ifE

(Figure 2-4., 7 5%). 7& & NICFLAY A HEAIIERE <& 2 MDA-MB-231 #ifid (Figure 2-4., 4 60%)
& MCF7 #ifg (Figure 2-4. #715%) ¥, ZNZNF LR THSICd »0bb T, 2 FEHEOMAL
BRICE T 2 iRENFRIFTAF ICE R > Tz, TNHDOFERIE, LITEIC X 234 b VI ViKEHE D
Mtk D Hsk 2 2D A TIRE SN D DT <. l4 DI FEOREICK E CIKET % C
EIRELTW3,
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Figure 2-4. Cytosolic delivery efficiency by L17E in different cell lines. PI delivery by L17E in 11
different cell lines. Cells were treated with PI and L17E (40 pM). Representative confocal images (top)
and results of flow cytometry analysis (bottom) of PI internalized cells are shown. Scale bars, 20 pm.
Data represent the mean * SE of three independent biological replicates.
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F3HT LI7TE WO PER T & LT D KCa3.l DJFEE

FER U 72 X5 72 LI7E OHIREMGERYE DR % fF#IH 32 2 L i3, LITEIC X 234 b Y LKEA
H =X LD 703 5 ATREME DS B 5, % 2 T, HIRERRR] © DFEERHE DE W % REF % L17E
M OBEN AR ¢ 2R ET 2 2 L 2 HME L, FFED & v s 7 HOMBERE coOREHL ~
N DENHEAMIEIMRIC I T 2 LITE I X 3 KENRICTHFES LT b L RE L7, T DIRE % MEE
T 272010, Hiffi CERNR & FHE L 72 11 oMk IC 31 % L17E i&: &8 TR HE0M
BE % AT L 72 DS AR DB IR T FIRT — £ X — X T®H % Cancer Cell Line Encyclopedia (CCLE)
10525 5 %9 16,000 fH OB TICBE T 2 RHET — 2 2 L, 2T ho#EETICowT, FHL
~L & LI7E it & oMBIREZ FH L 72 (Figure2-5A), L17TE I X 2 94 + VvkE s ilfais %
NL72bDTHELEEZOLNDLT DL, AV NIV EHEa—- NI 38ETICERHLEZEZ A,
it L 72 8in o< 3 FHICE WHBIRER 7R L 72 KCNN4 23%85E T 7z (Figures 2-5A, B).
RPLI34P20 3 X U° UCN (¥ KCNN4 X Y & WHHBARE % /R L 7228 (Figure 2-5A, Table 2-1).
RPLI134P20 (3B nFTH Y ' UCN FHFAIHDO X L R GEFICEE T 27 F FTH 5
Urocortin # 2 — F LTk h 17 HifgfEie LI7E oM AEAERIC BT 230K T & L CoEEM K
WwWeE 2z 7,
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Figure 2-5. Correlative gene expression analysis identifies KCNN4. (A) Correlation analysis between
PI delivery efficiency analyzed in Figure 4 and expression level of about 16,000 genes. (B) Correlation
coefficient between KCNN4 mRNA level and PI delivery efficiency in the 11 cell lines. (C) Protein
functional interaction network analyzed by STRING.
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Table 2-1. List of genes with high correlation.

Gene Function R

RPL13AP20 ribosomal protein L13a pseudogene 20 0.926
UCN Urocortin is involved in the mammalian stress response 0.884
KCNN4 potassium calcium-activated channel subfamily N member 4 0.859
PPFIA4 PTPREF interacting protein alpha 4 0.847
NOG Noggin is an inhibitor of several bone morphogenetic proteins (BMPs) 0.842
LINCO01715 long intergenic non-protein coding RNA 1715 0.842
DRD4 The dopamine receptor D4 is a dopamine D2-like G protein-coupled receptor | 0.841
ZNF274 Zinc finger protein 274 has been suggested to be a transcriptional repressor 0.833
ERCC6 DNA excision repair protein 0.821
MYH3 Myosin-3 0.819
LINCO01275 long intergenic non-protein coding RNA 1275 0.806
ENSG00000244313 | Ribosomal Protein S10 (RPS10) Pseudogene 0.801
CNIH3 Cornichon Family AMPA Receptor Auxiliary Protein 3 0.801
EEF1E1P1 Eukaryotic Translation Elongation Factor 1 Epsilon 1 Pseudogene 1 0.801
ARHGEF3 Rho Guanine Nucleotide Exchange Factor (GEF) 3 0.800
ENSG00000267939 | an RNA Gene, and is affiliated with the IncRNA class 0.791
CDC42EP3 act as effectors of CDC42 function 0.790
QRFP Pyroglutamylated RFamide Peptide is the RFamide family of neuropeptides | 0.782
ENSG00000213293 | a Pseudogene 0.781
ENSG00000267317 | an RNA Gene, and is affiliated with the IncRNA class 0.775
ENSG00000272236 | an RNA Gene, and is affiliated with the IncRNA class 0.772
ENSGO00000251194 | an RNA Gene, and is affiliated with the IncRNA class 0.769
GPAT3 catalyze the initial step of de novo triacylglycerol (TAG) synthesis 0.768
CD44-ASl1 CD44 Antisense RNA 1 0.768
SLC20A1 Sodium-phosphate symporter 0.767
PPMIG the PP2C family of Ser/Thr protein phosphatases 0.766
ENSG00000254639 | an RNA Gene, and is affiliated with the IncRNA class 0.764
SNORD73B an RNA Gene, and is affiliated with the snoRNA class 0.762
ENSG00000279144 | an Uncategorized gene 0.760
PRDX6-ASI1 an RNA Gene, and is affiliated with the IncRNA class 0.759
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KCNN4 (%, HIROARGERET 18, 23 AMAE 0 bl -Cf58) 10910 Gugbpeodifii Mz e, 3%
AEHERECEEAKEEZRZL T AL G, MIlEEE <7 F FOMAEERICEIL
T, BUED Trofimenko H DHFFEIC X - T, KCNQS5. KCNN4, 3 XU KCNKS Ik o Ca—F&
N57Y Y LT % 2D, TAT-RasGAPs17.36 (fXFKHI 72 CPP TH % TAT & pl120 RasGAP @ SH3 F
A A VHEDRTF NG| & OFE~T7F F) oMIlENE T2, IEMOFES %N L eEdT 2
TEDBHEINT VG 2, 2 2T, KCNNA UAMT S 1) T LF v F % 3 — B 581725 E &
INTWEAREMEZ# 2. KCNN4 & BE S 2851 % STRING M "B i X o TEREBE L 7223, 1
BAfRAT CRIE S M- REEE 7o h ik, or ) v aF vy A2 a—FT 38T I
KCNN4 L BERERIC B 3 2 B T FFE S L7 > 72 (Figure2-5C), L2>L, AU 7 L F ¥ L
& A FF 1 CPP DMIFENEATORBIRSHE I N T3 Z &2 2. KCNN4 28 L17E i&tE ok
ERTFCTH LR EMEET 2 2 & & L7z,

LI7E I, fEkD CPP &3R4 b, AVEES TILEYM Z =Y V94 b — ¥ ARG IR
T, poEELEZVHNS T LOBEEZLBELETICHA P Y NIGEETE L7290, ZOERA X
AZAXLHMD CPP L IFEL L PHEINSG, LAL.LITE b AT A VESXTFFTH 720,
L17E &R DM A AF 25 KCNN4 AR 78 BB AL O FEIIC X o> CReBia e a L EL 72, 2 C
THIDIC, Y T & A4 LGER PCRIC X o TAHBAMTICHER L 72 11 O Milabkic 3510 5 KCNN4
FH R A L 72, 25 OMIIERIC 31T 2 HXHY 2 mRNA L <L, CCLE 2° b5 5 #17- 568
BT — 2 Mn—EL kY (Figures 2-6A, B). KCNN4 73 L17E &M O FHIIC 5\ CEE &% E
R L T3 0[gsR® I Nz,

KCNN4 2P L1TE IS X 2% 4 + Y VKEICBG L CTw a0 ) %5729  KCNN4 % &L~
VTR 25 WRERIEAR U208 flife (Figures 2-6A,B) %34 L. CRISPR/Cas9 # 277/ A
fREICX > TKCNN4 %/ v 777 + (KO) L7z, KCNN4 KO U20S fllfidic 5T, Bt ans-
EBTLAMCT L =Ly 7 VERPEAINTHS L 2R L7z (Figure 2-7A) . X 51, & PCR
DGR, B4R (WT) &l L T KCNN4mRNA L~V 28 90%LL B LT 2 & 238 S s &
7257z (Figure2-7B), T 5 DFEF A 6. KCNN4KO U20S flific 51T, KCNN4 D FIRH+5
IKRETETCHWSE AR LT,

KCNN4 KO U20S ffiftic 351F 5 L17E i 2 7l L 72 & £ A, KCNN4KO U20S #fifld ¢lix. L17E
IT & % PIEERNE A WT U20S #MifE & bt L T L {KTF LT\ 2 & & 238 S 2212 7% o 72 (Figure
2-7C)s X H T, LI7TE ~ 7 F FAKOMAIANIGTE %2 BI% 3 2 -0 IC, FITC £k L 72 L17E

(L17E(FITC)) % WT ¥ X UF KCNN4 KO U20S fMfdic@n L 7z & & A, WT U20S #Mifldic T
X LI7TE(FITC)23 ¥ 4 b VOV HICHREL 3 2 Bk 038188 & 17223, KCNN4 KO U208 #ifidic 5T i
P A4+ AVHANEELL 72 LITEFITC)D & 7' F itz & A L38® b el > 7z (Figure 2-7D), WT
U208 fifeic 5\ Cid, LITEFITC)IXARFICH A b VA~ BT L 72 Pl L RIRDRERRL Tk
D \L17E HIRD ¥ 4 b VAT D KCNN4 IREFIICAE L 5 & & 3fERE & 7z (Figure 2-7D) . KCNN4
KO U20S #iftlic FLAG % 7'f} & KCNN4 (FLAG-KCa3.1) ##IH X ¥/ ¢ 2 A, L17TE I X % Pl %
PERNFEA WT U20S Mt & izigRL < v ECchlfiL 7z e 2b, 7/ MREICK A7 2Ty
MR OEED IR IX AV E 2 b b (Figures2-7E,F), %7z, siRNA % f\»7z2 KCNN4 @ /
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vy 7 Xy v (KD) %179 Z ki X 5T, HeLa i3 & O HT1080 MlAZICH5WVCTH, LITEIC X 5
PLiEEMEIMET T 5 L %Eﬁa L 7z (Figure 2-8A,B). LA EOFER 2> & . KCNN4 DRIAIC X
LITEICX 294 F Y EENRE LGS NG 2 &, T74bb KCNN4 DRI LITE I X 515
IR A+ I NIERICHETH S T LRI T,

KCNN4 DFBL L L LITEIC X 2% A4 b VY AEEDRRE X b ICHETd % 7290, KCNN4 DF
BL U MR BEDE 23 A MTAERE T24 MRS, B RIEMIAEER SISAT HIRE. 35 X OFEH3 A o i1 B A
Rtk HEK293T Ml %R L (Figures 2-6A, B, C). FLAG X 7“1#% KCNN4 (FLAG-KCa3.1) % i
FFIL X 2 7= (Figure 2-9A) . KCNN4 % BRIFRIR I 2B A TIE, BRIX—% IV R T 27 Y
avlkavie— LU T, LITEICX 294 Y /Vl_l_ﬁfthAiﬁﬁ%z\Kiébﬂ L 7= (Figure
2-9B), ZNHDFERD S, BAMIEES X VIERAMAEOM T ICEWT, LITE X394 b
BIEITIX, KCNN4 DFERDBBE DO+ TH B T & ARSI L7z,

RIZ, KCNN4 IZX > Ta—FaEnz» ) v LF v 41 KCa3.l DF v 4+ A3EED LITE 1T X %
B AL INGEEICE 2 BB L 72, U20S Mlfids X 18 HeLa Mlfid . @RI KCa3.1 PHEH]

T®H % TRAM-34°62 £ 7= (3 KCa3.1 iEMEALAITH 5 SKA-319° TULHE L 7= & &5, TRAM-34 1T X
> T LITE A EIC T L, KAHT SKA-31 12 X » T LITE Gt A E M L 72 (Figure 2-
10), TDZ EH b, KCal.l F ¥ A NAGEEZFEHPEMICE( I ¢ 2 LT, LITEICK 234 bV
AR AP CE 2 2 e R E Nz, U LEDKERSL S, KCNN4 DFILL KCa3.l A1) 7 L
F v A IOVEEDFMAIRIC BT 2 LITEIC X 234 F VY REORE XA L Tk Y. KCNN4 D
FEREOFECSHBIREIC BT 2 LITE I 2 EZH0ENEZELIE2H RO —~DOTHDZ
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Figure 2-6. KCNN4 expression in 11 cancer cell lines and HEK293T cells. (A) qPCR analysis for
mRNA levels of KCNN4 in the indicated 11 cell lines. KCNN4 expression was quantified by comparative
CT method using GAPDH as a reference gene. (B) KCNN4 expression data obtained from the Cancer
Cell Line Encyclopedia (CCLE). (C) gPCR analysis for mRNA levels of KCNN4 in HeLa and HEK293T
cells. KCNN4 expression was quantified by the comparative CT method using GAPDH as a reference
gene. Data represent the mean T SE of three independent biological replicates (A, C).
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Figure 2-7. KCNN4 KO inhibits L17E activity in U20S cells. (A) CRISPR-Cas9 target site in the
KCNN4 gene. The guide sequence and the protospacer adjacent motif (PAM) are shown in blue and green
characters, respectively. CRISPR-Cas9-mediated deletions and insertions are shown in red characters. (B)
gPCR analysis for mRNA levels of KCNN4 in WT and KCNN4 KO U20S cells. The mRNA expression
level was determined by the standard curve method using GAPDH as a reference gene. (C) PI delivery by
L17E in KCNN4 KO U20S cells. WT or KCNN4 KO U20S cells were treated with PI and L17E (40 uM).
Representative confocal images (top) and flow cytometry analysis (bottom) of PI internalized cells. (D)
Confocal images of FITC-labeled L17E (L17E(FITC)) and PI. WT U20S cells and KCNN4 KO U20S
cells were treated with L17E(FITC) (20 uM) and PI for 5 min. (E)Western blot analysis for FLAG-KCa3.1
expression in WT and KCNN4 KO U20S cells transfected with an empty vector or FLAG-KCa3.1
(KCNN4). (F) P1 delivery by L17E in WT and KCNN4 KO U20S cells. Cells were transfected with either
empty vector or FLAG-KCa3.1 (KCNN4) vector and treated with PI in the presence or absence of L17E
(40 uM) for 5 min. Representative confocal images (top) and flow cytometry analysis (bottom) of PI
internalized cells. Scale bars, 20 um (C, E). Data represent the mean + SD of triplicate samples from one
of two independent experiments (B) and the mean = SE of three independent biological replicates (C, F).
**¥% p<0.0001; n.s., not significant. Student’s t-test (B); one-way ANOVA followed by Tukey-Kramer’s
post hoc test (C, F).
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Figure 2-8. KCNN4 KD inhibits L17E activity in HeLLa and HT1080 cells. (A) qPCR analysis for
mRNA levels of KCNN4 in HeLa or HT1080 cells. The mRNA expression level was determined by the
standard curve method using GAPDH as a reference gene. (B) PI delivery by L17E in KCNN4 KD HeLa
or HT1080 cells. Cells were transfected with either control siRNA (siCont) or KCNN4 siRNA (siKCNN+4)
and treated with PI in the presence or absence of L17E (40 uM) for 5 min. Representative confocal images
(top) and flow cytometry analysis (bottom) of PI internalized cells. Scale bars, 20 pm (B). Data represent
the mean = SD of triplicate samples from one of two independent experiments (A) and the mean + SE of
three independent biological replicates (B). **, p < 0.01; **** p <(0.0001. Student’s t test (A); one-way
ANOVA followed by Tukey-Kramer’s post hoc test (B).
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Figure 2-9. KCNN4 KD inhibits L17E activity in HeLa and HT1080 cells. (A) Western blot analysis
for FLAG-KCa3.1 expression in T24, SJSA1, and HEK293T cells transfected with empty vector or
FLAG-KCa3.1 (KCNN4). (B) Pl delivery by L17E in KCNN4 overexpressing T24, SJSA1 and HEK293T
cells. Cells were transfected with either empty vector or FLAG-KCa3.1 vector (KCNN4 OE) and treated
with PI in the presence or absence of L17E (40 uM) for 5 min. Representative confocal images (top) and
flow cytometry analysis (bottom) of PI internalized cells. Data represent the mean + SE of three

independent biological replicates (B). **** p < 0.0001. One-way ANOVA followed by Tukey-Kramer’s
post hoc test (B).
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FHEA D 7 LF v 2 v KCad 110N % KCNJ2 IZWNHR EBGREA ) v 4F ¥ 20 Ki2. 1! 22
Za—FLTw3, FLAG 27 %Lz NbDHh Y v AF ¥ A% T24 MIICEF FEIR X
4 (Figures2-11A,B), LITE IC X 2 ¥4 b Y VKEGREZ R L 72, % OF5HR. KCNNI. KCNTI,
¥ 7213 KCN2 DTN @RI 256 TH, LITE X 234 F VY RKEEIEINT %
Z & DR E 7z (Figure 2-110) . 2 2T, 2NH 320 A Y v A F v 2 L OHNRMWEFILE % CCLE
o TR A, ST 1 HEOMIKTIZ, EOF ¥ AL bIFLAEREBL Tk
WZ e AR X N7 (Figure 2-11D), % ®7z® ., CCLE % i\ 7= FHBEf#TIC X o Tld. KCNN4 LA
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Figure 2-10. Inhibitor and activator of KCa3.1 modulate L17E activity in U20S and HeLa cells. PI
delivery by L17E in U20S or HeLa cells treated with KCa3.1 activator (SKA-31) or inhibitor (TRAM-
34). Cells were pretreated with DMSO as vehicle control, SKA-31 (10 uM) or TRAM-34 (10 uM) for 5
min, and then treated with PI in the presence or absence of L17E (40 uM) with either DMSO, SKA-31
or TRAM-34 for 5 min. Representative confocal images (top) and flow cytometry analysis (bottom) of
PI internalized cells. Scale bars, 20 pm. Data represent the mean = SE of three independent biological

replicates. *** p < 0.001; **** p < (0.0001. One-way ANOVA followed by Tukey-Kramer’s post hoc
test.
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Figure 2-11. The potential ability of various potassium channels to stimulate the L17E-mediated
delivery. (A) Western blot analysis for FLAG-tagged potassium channels in T24 cells transfected with
either empty vector, FLAG-KCa3.1 (KCNN4), FLAG-KCa2.1 (KCNNI), FLAG-KCa4.1 (KCNT1I) or
FLAG-Kir2.1 (KCNJ2) vector. (B) Immunostaining analysis for FLAG-tagged potassium channels in T24
cells treated as (A). (C) PI delivery by L17E in T24 cells overexpressing different potassium channels as
(A). Cells were transfected with each vector and treated with PI and L17E (40 pM). Representative
confocal images (top) and results of flow cytometry analysis (bottom) of PI internalized cells. (D)
Expression data of the indicated genes in each cell line. Data were obtained from CCLE. Scale bars, 20
um (B, C). Data represent the mean + SE of three independent biological replicates (C). *, p < 0.05; **,
p <0.01; **** p <0.0001. One-way ANOVA followed by Tukey-Kramer’s post hoc test (C).
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fisk v i/ 3) 5 7. TRAM-34 T KCa3.1 ZFHEL 25513, HERMIZIZE A EE(L
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Figure 2-12. Resting membrane potential is not decided by KCa3.1. (A) Resting membrane potential
measurement in 11 cell lines. Resting membrane potential of indicated cell lines were measured using
DiBAC4(3). (B) Correlation between resting membrane potential evaluated in A and PI delivery efficiency
in 11 cell lines assessed in Figure 4. (C) Membrane potential measurement in WT U20S cells treated
either with DMSO, TRAM-34 or SKA-31 and KCNN4 KO U20S cells. (D) Membrane potential
measurement in HeLa cells. Data represent the mean = SE of three (D) or four (A, C) independent
biological replicates. *, p < 0.05; **** p < (0.0001; n.s., not significant. One-way ANOVA followed by
Tukey—Kramer’s post hoc test (C, D).
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Figure 2-13. Membrane potential modulation affects L.17E-mediated delivery. (A) Evaluation of the
membrane potential elimination by the incubation with high concentration of extracellular K™ in HeLa
cells. Cells were incubated in HEPES buffers containing different concentration of KCI (5.4, 10, 20, 140
mM KCI) and membrane potential was measured using DiBAC4(3). (B) PI delivery by L17E in HeLa
cells with reduced membrane potential. Cells were incubated in HEPES buffers as E and then treated with
PI in the presence or absence of L17E in each HEPES buffer. (C) The effect of valinomycin on the
membrane potential of T24 cells. Cells were treated with valinomycin, and membrane potential was
measured using DiBAC4(3). (D) PI delivery by L17E in T24 cells treated with valinomycin. Cells were
pretreated with DMSO or valinomycin and then treated with PI and L17E (40 uM) either with DMSO or
valinomycin. Scale bars, 20 um (B, D). Data represent the mean + SE of three (B, D) or four (A, C)
independent biological replicates. *** p <0.001; **** p<0.0001. Student’s t test (C); One-way ANOVA
followed by Tukey—Kramer’s post hoc test (B, D).
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ANEY 2 v (CaM) PEFEMICHEAGL TE D, Ca®'A CaM ICHEAT 5 C kf?&zw%L#

L, FrAAOFEI N LA MESINTNGE B2 22 C, LITE X% 4 Y
WEZEICE T AU Ca¥ 0FLG 2RI L 72, RLoic, MlEcRELT 28— D
LTy L7\ — 7 GCaMP8s-CAAX'3313 % F ¢, U20S fiifgic 331 % L17E WUtk o fIfEA Ca?
BEAZE=2— L7, ZDFE, LITE FINIC X - T GCaMP8s D # IR 238956 L. L17E #INTE
BITHIIEN Ca? B A B R 3% & L MR & 7z (Figure 2-14A), LI7E IC X 2 Ml Ca) 'ﬁ'ﬁ?@
23 KCa3.1 DIEMHEALB L LITEIC X 294 F YV KEICEE TH 5 % HGET 2 72010,
HapsEE s OMIlEN A vy 7 L% L — FHITH 5 BAPTA-AM'S % 72, BAPTA-AM %\ %

Z L C.LITE IC X VAU 2N Ca iBE M Z 121X I HIflc & 3 & 22 L 7= (Figure
2-14A), BUBRZFEZ 212, BAPTA-AM % QU9 3 Z & ©, U20S i X O HeLa flifcic 354> C
LI7E D% A b Y k@GS KIEICE T L 72 (Figure 2-14B) . & & IC, BAPTA-AM /L% 1 SKA-
31 ZFHWT KCa3.l ZIGMHEAL L7z 25, CaREDHMEZFIE X2 2 &7 < (Figure 2-14A).
LITEICX 2% 4 b Y AEEEEOAZBIE S ® 5 2 & AT E 72 (Figure 2-14B) , 21 6 DFEFIZ
LI7E I X o CTIHE I N2 MIAEN Ca IR0 & Zicki < KCa3.1 o2, LITE I X 3
FAPINVEREICE o TEETHL I L ERKBL TV,

RIC, LITEIC X o Tl & Z SN 2 N Ca* IR 0 3EhN2s, MAEH Ca®t A + 7 2 b DHIC
£ 2 b o Ml Ca* DIAIC X 5 b Do %R L7 MIIEA Ca?* A b 7 Al X 4 5 7201,
/MiEfA Ca?* ATPase DRAEHITH 2 thapsigargin (Tg) 2 L 7z, Tg MBIC X - T, LI7E I
X 2 HIBEN Ca® BN PI DKE IZIH] X L7 2> > 72 (Figure 2-14C), — 77, B&EiEM: % R/ 7«
WAL T LF L — MAITH B EGTA % H v CTHIRES: Ca® % hhiie X »&f_i% Tl¥, LI7TE IC X %
HHAEAN Ca?RE DI E X N PL DO W4 b VL EEO /7533 L < Il X 717 (Figures 2-14C, D)o

X 5T, LI7TE T X 2HIEMN Ca® B o EF A LI7E OIS EERICEI#E L T\ 3 2 2 2T 5
7o, REEES LV A b Y VEEEEZ R R WERRTF VN IE 22X AT 472 ba—
e LTHWZ (Figure 2-15A), % DFEH. LOE ZiRIIL T3 Ca?RE O BEE iz #R I n
7o 7= (Figure2-15B), DA EofER X, L17E 25MIfElE L MHAER 3 2 © & CcHlfast 2 & Ca® 2
MA L. T2 KCa3.l OFEMHALZ R & 2 T REEAZ R L T 3,
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Figure 2-14. Extracellular Ca’" influx is necessary for cytosolic delivery by L17E. (A) Assessment
of intracellular Ca** concentration using transiently expressed membrane localized Ca*" sensor
GCaMP8s-CAAX. U20S cells were pretreated with DMSO, BAPTA-AM and SKA-31 before recording
fluorescence intensity of GCaMP8s-CAAX. DMSO or L17E (40 pM) was applied at 30 sec.
Representative time-course of relative fluorescence intensity of GCaMP8s-CAAX (top) and
quantification of maximum L17E-induced GCaMP8s-CAAX intensity increase (bottom). (B) Effect of
intracellular Ca** elimination by BAPTA-AM on PI delivery by L17E. U20S cells were pretreated with
DMSO, BAPTA-AM and SKA-31 and treated with PI and L17E (40 uM). Representative confocal
images (top) and results of flow cytometry analysis (bottom) of PI internalized cells. (C) Assessment of
intracellular Ca?* concentration using GCaMP8s-CAAX in the Ca®* depleted conditions. U20S cells were
pretreated either with DMSO or thapsigargin (Tg). DMSO or L17E (40 uM) was applied at 30 sec in the
presence or absence of EGTA. (D) Effect of elimination of ER Ca?" store or extracellular Ca** on PI
delivery by L17E. U20S cells were pretreated either with DMSO or Tg and treated with L17E in the
presence or absence of EGTA. Scale bars, 20 um (B, D). Data from three independent biological replicates
are shown in box and dot plots (A, C). Data represents mean = SE of three independent biological
replicates (B, D). *, p < 0.05; *** p < 0.001; **** p <0.0001. Kruskal-Wallis test followed by Steel-
Dwass test (A, C); One-way ANOVA followed by Tukey—Kramer’s post hoc test (B, D).
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Figure 2-15. L9E does not induce either Ca?* influx or cytosolic delivery, related to Figure 4. (A) PI
delivery by L17E or L9E in U20S cells. Cells were treated with PI in the presence of DMSO as vehicle
control, L17E (40 uM) or L9E (40 uM) for 5 min. Representative confocal images (top) and flow
cytometry analysis (bottom) of PI internalized cells. (B) Ca*" influx by L17E or L9E in U20S cells.
GCaMP8s-CAAX fluorescence intensity in U20S cells was recorded every 10 sec. DMSO as vehicle
control, L17E (40 pM) or L9E (40 uM) was added at 30 sec. Representative time course of relative
fluorescence intensity of GCaMP8s-CAAX (top) and quantification of the maximum L17E-induced
GCaMP8s-CAAX intensity increase. Scale bars, 20 um (A). Data represent the mean = SE of three
independent biological replicates (A). Data from three independent biological replicates are shown in box
and dot plots (B). **** p < 0.0001; n.s., not significant. One-way ANOVA followed by Tukey—Kramer’s
post hoc test (A); Kruskal-Wallis test followed by Steel-Dwass test (B).
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e T, KCNN4 DFEHL 2K < LI7E BEEZEMROHIERICE T 2 Ca? TRA Z I~ 7z,
KCNN4 KO U20S. T24, SISAl 3 X UF HEK293T #ifiic GCaMP8s-CAAX % + 7 v A7 =/ v 3
¥ L. LI17E OFFNNIC X 5 GCaMP8s D HIEER DZL % 5ifk L 72 (Figure 2-16A) , KCNN4 KO U20S
MR CIZ. L17E SINEEICHIIEAN Ca* IREE DG B o L7z 23, Ca®' L =V 3 1 43 TILD L X
VIR Y . Z OFifeRiE IE WT U208 MilAE & ik L CHiA o 72 (Figure 2-16A) . T24 MAEIC 354> C
b KCNN4 KO U20S #lifig & Rtk ok 25 /B & 317z (Figure 2-16A), L 72255 T, KCNN4 H5EA5H)
WKRELTCWBMilae, 2oz e A BB I uEEC#ildics Td, LITEICK 5 —
BYED Ca2 AN L 2 2 L BRI N, Z OBRZHIAT 3KFD—> & LT.LITE 28 U20S
M7z &> L17E MM S AR 2 2 & /MR REGEEA U, 2hictE-> TRY) DM
U Ca® WA DIFEA L. KCa3.1 F v d A EMAL T L 2 AlREMED B 5, T MICHi» T KCa3.1 7
Y A IRTFI 72 BB DR IC X - T LI7E DOREGEMA @M L4 2 2 & CHERAR
BRBGEENE L, EVEEES TOREL ZNICHET 2 C¥ O RNARAG &R S h
2E#EZ b5, KCNN4 KO U20S 5 XU T24 MildoSa. &P Ca¥ iAIZBIE X =25,
KCa3.1 7 ¥ A LV OBHED e\ 72010, RN Ca A RFEI N Aoz EZLNS, — )
T. SISAl ¥ X U HEK293T il Tld. &HID Ca* Jii AL KCNN4 KO U20S #flifc %> T24 #ifd & k.
B L CT/NE D072 (Figure 2-16A), T b OHMIFEFRIC 5T LI7E WK D&M D Ca> P A2S R
LNGRWVERZ DTS2 LIk D, 5% LITE 2N L72XED A B =X L% X0 2RI HEI 5
27-DDFRH» Y BMFHN D REEDRD B,

LI7E & KCNN4 IZARTFL 729 A b YV VKEFRICN T 5 Ca TRA D8 & sHlIC fghT 3 % 72
%, EGFP % 7/'f} % KCNN4 (EGFP-KCa3.1) % @gIFH &, 21 b D LITE EZ KT
BIEHA P ANICEEINS TMR BT F 2 5 v o ZF B afillo® &%, B
MR % b &I ERIICHNT L 72, KCNN4 KO U20S #lifid s X O T24 Mg <lk. EGFP-KCa3.l1 %
FILT 2 MIEDK 80%ICH A4 F Y NMICIERL 72T * A b 7 v D v 7 FARBIE X L7z 23, SISAL
Mifds X O HEK293T Mg Tld., ¥4 P Y riciE#EINATF A7 v BR LN Mildiis X %
20-30%IC & £ % 572 (Figure2-16B), Z DFERIF, LITE I X o> TFE I Nz Ca2 A, Thbd
Figure 2-16A 123 1F % KCNN4 KO U20S #ifigd & O T24 i CEIER X iz v 2R 0 WA Ca it
ADS, KCa3.1 ZiEMEL T 2 DIc T TH B2 LA RBELTWVS,
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Figure 2-16. Ca’" influx and TMR-dex10 delivery in different cell lines. (A) Assessment of
intracellular Ca*" concentration during L17E treatment in different cell lines. GCaMP8s-CAAX
fluorescence intensity in WT U20S (U20S WT), KCNN4 KO U20S (U20S KO), T24, SJSA1 and
HEK293T cells was recorded every 10 sec. L17E was added at 30 sec. Representative time course of
relative fluorescence intensity of GCaMP8s-CAAX (top) and quantification of maximum L17E-induced
GCaMP8s-CAAX intensity increase (bottom). (B) Delivery of TMR-dex10 by L17E in different cell
lines. KCNN4 KO U20S, T24, SJSA1 and HEK293T cells were transfected with either EGFP vector or
EGFP-KCa3.1 vector and treated with TMR-dextran 10 kDa (TMR-dex10) in the presence or absence of
L17E (40 uM). Representative confocal images (top). Delivery efficiency was calculated by counting
cells with cytosolic TMR-dex10/EGFP signals over the total EGFP positive cells (bottom). Scale bars, 20
um (B). Data from three independent biological replicates are shown in box and dot plots (A). Data
represents mean + SE of three independent biological replicates (B). *, p < 0.05; *** p <0.001; **** p
< 0.0001. Kruskal-Wallis test followed by Steel-Dwass test (A); one-way ANOVA followed by Tukey-
Kramer’s post hoc test (B).
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%6 BRI A A E T OMIERE
INTETOMEDL S KCa3.1 F ¥ AL DOERED LITE I X 294+ Y uk#Ein % IE il 2
ZEDRENT 20 EVNEEANA AESTTHIIURDO Y 4 + VY REICKH T 5 KCa3.l F v 4
N DFBERMGE L 72, WTU20S Mg X O° KCNN4 KO U20S #MBZIC 5t L T, Alexa Fluor 488 T
kL7ze FRIEIm 7Y v G (1gG-AF488) %I L. LITE F7E FCTOH A4 b Y VikE % i L
Too Z DGR, T OFER. WT U208 HiIHE T I13H) 40%DAIALIC 351> T 1gG-AF488 234 4 b Y Lic
KEINZDIIK L, KCNN4 KO U20S IS TiE 1gG-AF488 DikEIXIT & A L BIR I NWind o7z
(Figure 2-17A),
e Co A b Y IICEE S N TR TURGERRBE 2 RIF L TV 2 02 2 1R T 5 7221, Alexa
Fluor 488 CHE# L 7z PUKIEALE A AT UA (anti-NPC IgG-AF488) % LITEIC X W ¥4 + w«iéé‘%
L7z, WT U20S fllfic 35> Tld. Hoechst 33342 THeth & M7= MA% D A PHIC AF488 D 7 F v

"\@ KCa3.1 @'?/El

WT U208

KCNN4 KO U20S

No peptide L17E

No peptide L17E

hlgG-AF488/Hoechst

_50- 2500 Figure 2-17. KCNN4-dependent cytosolic
2 delivery of IgG by L17E. (A) Delivery of Alexa
g 40 20001 Fluor 488-labeled human IgG (hlgG-AF488) by
5 301 3 1500 L17E. WT U20S and KCNN4 KO U20S cells
2 201 %1000- ‘ were treated with hlgG-AF488 (1 mg/mL) and
® 10+ 5004 =] L17E (40 uM) for 5 min. Representative confocal
= o o= T e e images (top), proportion of the cells with cytosolic
L17E: - + - + L17E: — + - + diffused hIgG-AF488 signals from three

WT KCNN4 KO WT  KCNN4 KO biologically independent replicates (bottom left),
B and representative quantification of cytosolic

WT U208 KCNN4 KO U208 fluorescence intensity of hlgG-AF488 from one
No peptide L17E No peptide L17E experiment (bottom right). (B) Localization of

anti-NPC IgG-AF488/Hoechst

Alexa Fluor 488-labeled antinuclear pore complex
IgG (anti-NPC IgG-AF488) delivered by L17E at
the nuclear border. WT U20S and KCNN4 KO
U20S cells were treated with anti-NPC IgG-
AF488 (0.34 mg/mL) and L17E (40 uM) for 5 min.
Representative confocal images (top) and the line
intensity profile of nuclear signal and anti-NPC
1gG-AF488 signal from a to b in the confocal
images (bottom). Scale bars, 20 um (A, B (the first
row)); 10 um (B (the third row)). Data represents
mean + SE of three independent biological

s000 V1 HHTE KCNN4 KO+ LTTE replicates (A, bottom left). Data from
3 2000 representative one of three exprerimants are shown
e x in box and dot plots (A, bottom right). *, p < 0.05;
&= 1000 1AL #*k p < 0.001; **F* p < 0.0001. One-way
0+ ANOVA followed by Tukey-Kramer’s post hoc test

0 10 2 300 10 2 30

distance (um)
anti-NPC IgG-AF488/
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(A (bottom left)); Kruskal-Wallis test followed by
Steel-Dwass test (A (bottom right)).



DB X NT, —77. KCNN4KO U20S Mifitic 35\ CRFER D & 7' F v i3 & v e 5 - 72 (Figure
2-17B), L EOFERX Y. EVEEANA A &S T TH 2HURORRN 3 4 b VY IvkEI L,
KCNN4 DFRBBMETH 5 Z & DHER I NIz,

WAET 2L, LTI, KCNN4 DFIL L KCa3.l DAL oifF 28 LITE /L7294 b
VNKEIC L 5 CRARTH S Z & %R LT3 (Figure 2-18),

(i) without L17E (i) with KCa3.1 and L17E (iii) without KCa3.1

L17E
" Cargo
w @ e ag
(] (]
(] ® o (]
KCa3.1 activity- @
oo
@ > (] dependent delivery e

4 mM K* membrane | by L17E
Outside
q

Inside
140 mM K*

Figure 2-18. Proposed mechanism of action of KCa3.1-related cytosolic delivery by L17E. (i) In the
absence of L17E, cargos do not enter cells due to their high molecular wight. (ii) In the presence of L17E,
cargos are internalized in a KCa3.1-dependent manner. Ca®" influx induced by L17E addition and
subsequent KCa3.1 channel activation followed by membrane potential modulation is a putative
mechanism underlying L17E-mediated cytosolic delivery. (iii) In cells with low or deficient KCa3.1
expression, L17E induces Ca" influx but does not lead to internalization of high molecular weight cargos.
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2B CTIIKCNN4 Ik o Ta—FINBZ AN LMEEMEA ) 7 L F % 3 4 KCa3.1 23, L17E
X294 P AEERIECHIEIT 2RTCTHE L ZHLPIC L2, LITEIC X o THERIND
HIREAE Ca®* JiE A2S KCa3.1 DM b Z 5l 2 L, Zhic X - T LITE I X 2 BEEtE 2 L3 3
Z & T, RO —RNREEEERE N LA b Y LEENER I NS v, A b Y
WAKIER T F FOFDOIEH A 7 = X L5348 R & 1v7z (Figure 2-18),

RTFFERGZYA Y VEERNCBE T 2 2 hE ToWfE Tt <7 F FofiiE Bz
E7F FEEOC IR ICE SRR ST B 2 L 23% L, IR O ERECHEEEICBI L Tk, +
TICERBINT I o7z, KEOFERIZ, RILEEA M= L2HW25E5TH., MIEkE T
EENRICRERENELS B2 E2MAL TS, 20X Lk D~ 7 F FEZW0E
WICHERZ Y TS 22T, KCa3.l F¥ A VDORIL R LITE X7F FIcX 594 bV vikiE
SR A T 5 L 2R L7z, KCa3.l O F ¥ A WiE TG HEALAICHEARNIC X - CRflic ¥ %
72®, L17E X 7'F FiC X 2 5EZh R M EE O FHiIc X - TR AL w2 2 e nTE 5]
B D B

W< DD CPP DHIBENBEAT PG ENE R 7 F FoERIC s T 2 EEMOEEEICOWTIZZ
NETIELAMEINTVED, INHDORTF FIEHICNT 2REDH Y 7 L F ¥ A LV DFEH
BOMIEN Ca¥ B D EIC O W TR L2 iE iz & A L Y, RBIFEClE. LI7TE OiEME
IR T & LT KCa3.1 Z RHd C &, BEEMOEEZFHEEFHT 2 & &b, filgsk» oo
Ca¥ MADEEWZH IR L7z, Lo L, CaTRAICHE T, KCa3.l F ¥ 1 L DERED & D
X9 LT LITE iEEERHI L T30, ZOREBRAN=XLEHALLICTEZLIITER
o7z, KCNN4 FBUE L EEEEM ORI & A EMHBER 2 5722 & 225, LITE 5K
KCa3.1 2857EH b3 % & & TR BAFE S L, TNA LI7E OEGEEWEZ —Eicmo v
EEZ LD, BT, LITERIMERICAEL 5 Ca? AL KCa3.1 DIEMEMKER 234 +
WEZEICHEETH 5 L 2R T 21T > TH Y (Figure2-14), L17E FIME D EE R D 2L
AV LBROBEICOWTIIf SR e Ty, EFREENEZEEEC T e —TTh 3
Dﬁmma%@m%’:~béhtﬁﬂm%V%~mmm®mtg%hﬁkLtﬁ%A?iXﬁﬁ

IC X 2 BB DRl % 3 A 72 23, L17E SN O BN 2L A T2 2 i3 T&E e o7z
(7= 2 K)o LITE RINIC X o T KCa3.1 23EHEfLL Tz e LTh, Z0#% T CICLITE I
XS ENE L CHIBEE D N ) THRESM B R b S 720, BEEMIZ T CICBa B micE < &
Ez2bNb, ZD7=®, LITE HAIKFIC KCa3.1 IC X » TGRS E L Tz LT, % il
O CTHHEN 72 b D TH 3 A[EEED E V. D X ) il kA L 2 2 5 2 &1k, EREORE
1ﬁ7°1:1——7“%ﬁﬁb>f:/f A=YV DR TRFERED S »r O L W R TFHEINE, Sy F
77 v 7 X ) EBEN R REN OGN 1T 5 2 & T, LI7E QUKD B 2 LI 2w CHE S R
iéﬂ%ﬁ#%éo

LI7E i€ X% Ca¥MADFERX N = X L OfFHIL. SHOERELMFAHTED —-D>TH 5, LITE
KL 294+ KEIMIEED B R GEEE N L b D TH S I Lh b, LITE OEEGED
FH I N DRI, Ca¥ % S THINIAMIE HIBERINICT Y 4 b Y A~LRAT 5, ZD729 LITE
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TIMEFIC R SN % Ca? ALY, LITE IC X 2 1XZEDQEN 1 L 2 b DD, Tl bikENTD
NIZAERLLTEL L2 0AhD0, WMFELEXHL CiEamT 2 2 L I3 L v, LI7E BZHEDE W
U20S fMfEIic BTt MR Ca? R o B iNAS L17E WLtk BI% L 72 5 /0 fEliciE > Tk L 72
DK L. LI17E BEZHE DK\ KCNN4 KO U20S #ifd & T24 HIREIC 35Tk, AINER O BRI
ZRHIIEN Ca2 B DRI I N L DA TH > 72 (Figure2-16A), T 4L, LI7E JLEERFIC, —
B Ca® it AL b b, KCa3.l JEKIFNICAE L 2 WD Ca¥' it A &, KCa3.1 IRTFIICAEL

ZHIMEPEZDORER E L TD C AR D % T & #RET 5, KCNN4 DFEILL ~ov MR Hllfa ik
TdH 5 T24 MME. SISA1AMME, 3 X O HEK293T #ifido . T24 #Mific B> Tlx KCNN4 D i
FIANC X > T LI7E 1T X 235E 803K & (ML 7223, SISAL #ifidss X O HEK293T #ifid <lx %
NI ETE R RIT A O e d o 72 (Figure 2-16B), TiLH 2 DOMfabk X 4 7 DiE %, LITE
IMERICBIERE I N L RO CPMADREDENCH L EZ LN, DI L5 LITE
DOHIFEIE~DIEAIC X 2 Ca?RADTRAE LT X 2 RET 2 B0 LY RN T 2HET 5 &
LRI NG, —o0AReEE LT, BRIEEMEBRCHAEN & 7P M RER I 7 & O R D E
25, L17E IC X % Ca*' i A KCa3.1 DIEHICHE Z 52Tt hEZOLNE, X7 F FOE
~DVEFH & AR DB IC DWW TiE, 2L AT 8 =2 CPP OD—2>TH % transportan & E 7
NBEIRE & DM EAER 26 2 2 & 138, HIIERPNEED PI(4,5)P, 233D CPP T& % penetratin
DGEE % (EHET 5 2 L B3ME I N T B HEEIC X 2 F v A IEEO S & v S Bl 2 & 1,
KCa3.1 28 PIG)P IC KXo Ciifbkans & O FULK AL Ty MKENEA Y ¥ L F ¥ 2 v
KCal.l 283 L A7 a —iC ko> CHIHIE N E & & F b T2 W, FEFIEE o JefTifgeic
BT LI7E BREICEN 2R b 2BlIc AR L Twa 2 & b 2 3 AlRUPRRE o fEiEEAH
JROENE Y YR I 7RI X o THRFENICHTHNS 2 & ©, LITEWEHEICEE T 2 BEIEE % FE T &
ZHREMER D B,

ARETIH, LITE L —T%EE IS, ThZ Nz Bl E L GE 0 H — 3 OkEE
KOWCHHII L TH D 7 F F & h— TG CPP D ik =lIc 2w CTIIME Tt &
T, R7F PTG I N —T Bk, 2 v 2B, 75V, KR L) 13, NELR
NZRLCHER G2 50ReERH 2720, ZORZEFHEIT 27201013 bR 2MRALBETD
%, 72, LITE (Ifthd CPP & 137 Y | IKZBICHW A — L DG % HE LT, —fi¢i 7 CPP
HRTE Y KREARI—TOEESTEETH 2 L5, D CPP DEELEMRIC IZAREE THH S 21
ENSLDLIZRRZEEA N =X LDEE LTV BA[REN A D 5, TAT. R9. penetratin 72 & D
CPP DEEBIC, H YV LF ¥ A AVPLHENMNZ DD OPEET 5 2 EABICRE I NLTnE 12
LAaL, 2D O 7 CPP DRGEEICH T 5 Ca? D& E Tz L A I LT, Th
LofE% D CPP DIFIA =X L% Ca" OFLEDBEIPOHLLICT 28T, ~7FVxH
W MIRENEEDIFEE X HICRD L LB TE L EEZLND,
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Yiria =

5 3 H
L17E I X 2 #ifaPEEIC BT 3 ANXA2 DEHS
e

H3E T, F2EICH Ehe k| MIlENEEEREL IO TF FTH 2 LITE OiEICEEL 5
Z B MR T oW THRET 2 1T o 72, 55 2 Eic B W T, flgtklco LITE WGE0EWICERH T 2
Z & T LITE SO FIHIRT & LT KCa3.1 Z[FE L7z, LA L. KCa3.l DFEHIEH LIS < |
LI17E X D3R X SHIREMNEE R AE U 2k ©H > Th . £ DEEMHKIL 100%I11FFHEL v

(#51 : HT1080 MHAE : >70%., MIA PaCa-2 i}l : >70%), T D Z &H 6, Fl—HMlEHKNTH > T,
fifl %2 DHAML Z &1 LI7E EZERE A>T B e R TPEING, 22T, H3ECIiE. H—Hl
IR IC B % LITE BZ DB WA E T 2 KT DFE Z il 4 72,

LI7E OTF{E F CHIAZEHT ¥ 2 F 7 v % HeLa MIFLICHIM L., ¥4 bV EE % 3213 724
fd (positive HeLa cells; pHeLa) & iXi# % 521} 722> o 72#flllg (negative HeLa cells; nHeLa) % -t
VY =X —FRHWTHEEL, 2N NHE L7z, pHeLa 5 X (" nHeLa 51} % LI7TE D% 4 b
SNEIENR R MR T F AL 7 v BL O PL ZHWTE S ICFHE L 724558, pHeLa Tl
nHeLa & FLES L T 5~10%m1 Vi@ B 2AMER S L7z, 7' a7 4 — LfiFEHTIC X D (pHeLa & nHeLa
DRYNIJBEERILBELZEZA, HEJICEWT, EEBEELZ VX 7EHTH 5 Annexin A2

(ANXA2) 7% nHeLa T pHeLa O 1.4 5% S FEEL TW 5 2 L 22107 5 72, ANXA2 &
EGFP % &y & ¥ 7= % v 7’8 (ANXA2-EGFP) % HeLa Ml i F8B1 & ¥, L17E ULEE K o #il A
WRITERBZE L7 2 A, LITE #hfEIC ANXA2-EGFP 2 HIIEE~BIT T 2 kT8RS h
oo TOMED S, LITE IT X 2 HIAINIEE O EFE T ANXA2 RN 2 BEEERMESTFEE I L
ZA[RETEA R T L7z, & HIT, siRNA % T HeLa Ml X OF T24 fllld T ANXA2 % / v
72y v (KD) L7zl A, LITEICX 29 A4 bV VRRENERNEREICHEML 2, DEoffR
225, ANXA2 1T X 2 EEEIEMED LI7E oGtz AcHlfil L <s v, MlH <D ANXA2 7
HE D&V E—MAERN TO LITE 20 L M2 E A T ERK & 4 2 a[REME2 R S
oo X BT, HIDMEEEBIHEK T CH 5 ESCRT HAKRAS ., MlaBLE#EE~ 75 F (CPP) @ ¥4
AT OWRIICES 35 L AR E T,
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9 1ET [W-—MIgRRNIC 31T % LITE 361 D % 851 o 2

ARETIE, ETAMAEE LT, b — I S 2 figkko 0 & ©TH % HeLa Al %
720 MIREAKENCD LITE iGHEDE VDD 2 AT 2 72010, w vy — X —% w7z filid o 7
#{To 7 (Figure3-1A), FH2HICE W T LITEIC X o TEEI NI ET A —TL LT PI 2
WTW7e2s, PLIIIRICH G S 2720, KERICRIIFOBEZIT - 256, MlcERE 2 L
SRS D 2 L 2 T2, 22T, V=T 4 VY IZEBRITEWTIZ, PLDORD Y I AF488 I X 2
AT L 72 10 kDa 7% A + 7 v (AF488-dex10) % \>7z, HeLa fMIAZIC AF488-dex10 %
LI7E & & DTN L. AF488-dex10 233%55E X #1172 #ild (dextran positive HeLa cells) & %% & u7n
72> 72 MilE (dextran negative HeLa cells) % . AF488 DH{I A fafEL L TNy — & —IC X b 4y
L7z (Figure 3-1B, /). ¥V —7 4 v 7 EHOHMAEL A L BEMEIIC X W BIZ$ 5 2 & T, AF488
DHOEE D EOHIIEHIC B LTI Y A b D AF488-dex10 DY Z 5 TEH D . B L T,
AF488 D HNEIMEOHIIEREIC W TIE T A F VA ~D AF488-dex10 DILEA R bz &
% W58 U 7z (Figure 3-1B. 7). 70tz DM % 4 HFREERGEE L CHE%E X &, % 11.Z 11 pHeLa (dextran
Positive HeLa cells H12K D#ifid) & nHeLa (dextran Negative HeLa cells 2R DAMfifi) & % £1 17 7z (Figure
3-1A), JCD HeLa #ifd. pHeLa, ¥ X X nHeLa Z X NI H ) % LI7E iktE%. LI7TE fFEE T T
AF488-dex10 23K X N MO &I GRERFE) & L CFHfi L 7z, Z DR, nHeLa I3\ Tl
JCD HeLa M & 13 & A EEENRICEN D e > 72 DD, pHeLa IZF Tl nHeLa ¥ X T
® HeLa & HBE L CREESIERD 5~10%@ < o> T3 2 & MR E /- (Figure 3-1C), 92 &
FfRIC, Pl OEERGZ 70 =94 P X PY —Z2H072RIC X VFHGiL 72856 CTh . pHelLa iICk
WL, ftho “REBHOMATEE & I L THEICE WIEEES A O (Figure3-1D), A L o#
R0, HeLa Il H T LITE IC X 23KEZZ T 72 d D& o0 - H5E T 5 2 & T, LITEICHT 2
EZMEO IR 2R CE 2 2 e AR E Nz, TRODFER X Y | [Al—d HeLa Mgtk Ic B
WCh, il OfIfE S & IC LITE E&ZERRE Y, Z 0RERZMEDE N Z, D7 & b —EHARIREE
INBLDTH LI LHRKRINT,
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Figure 3-1. Isolation of cells undergoing
intracellular delivery by L17E via cell
sorting. (A) Experimental overview. HeLa
cells treated with AF488-labeled dextran 10
kDa (AF488-dex10) in the presence of L17E
were separated into AF488-dex10 positive and
negative populations using cell sorter. The
collected cells were cultured and named
pHeLa (cells derived from AF488-dex10
positive HeLa cells) and nHeLa (cells derived
from AF488-dex10 negative HeLa cells),
respectively. (B) Selection of cells based on
AF488-dex10 fluorescence by cell sorter
(left). Confocal microscopy observation of
cells immediately after sorting (right). (C)
Delivery of AF488-dex10 by L17E in Hela,
pHeLa, and nHeLa cells. Cells were treated
with AF488-dex10 and L17E (40 uM) for 5
min. Representative confocal images (top),
proportion of the cells with cytosolic diffused
AF488-dex10 signals (bottom). (D) PI
delivery by L17E in HeLa, pHeLa, and nHeLa
cells. Cells were treated with PI and L17E (40
uM) for 5 min. Representative confocal
images (top) and flow cytometry analysis
(bottom) of PI internalized cells. Scale bars,
20 um (C). Data represent the mean + SE of
three independent biological replicates (C, D).
* p < 005 ** p < 0.001; n.s., not
significant. One-way ANOVA followed by
Tukey—Kramer’s post hoc test (C, D).
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F2fi LI7TEWEMHEO AOHIHEIAT & L TD ANXA2 DFEE

pHeLa & nHeLa ICH1F % LI7E I X 3 X EMEDAL, MFDO X v 7 HBDENCERT 2
EARGE L7z, M@0, 56 2 BRI 5\ CHIIERRIE T @ LI7E S0 HE R - & L CHE X #1172 KCa3.1
FILE DE IO W THET L 7z, pHeLa & nHeLa [#]C® KCNN4 mRNA L~ L% qPCR i< X b §F
iL7z& A Y =T 4 v 7 %fT7% > Twin\ it ® HeLafilfitl, pHeLa, ¥ X Uf nHeLa @[] ¢ KCNN4
mMRNA L ~LICK & 72137289 b ie 2> - 7= (Figure 3-2A) . pHeLa 35 X U nHeLa IC ¥51J 5 KCa3.1
DRYNTEL_LTORBERICOWTIE, KCa3.1 KT 2 HHAATRESG2 LA TE R
TeTeDICEHliS 2 2 L AT E D572, KCa3.1 PASMC S LI7E iE % RE 3 2 Ml R 123 E 3
% EARGE L., pHelLa & nHeLa[HlD % v 37 EHBEDZZ MRS 72012, 7'v 74— Lkt
ZHEMEL 72, BARIICIX, LI7E f#1E T C AF488-dex10 Z LFE L 7= HeLa Mg % LY — % —iCT X
DoBEL. 3 721 4 HIEEGE L7214, pHeLa & nHeLa T2 S>3 X OV 4 b /L]
FDO RV EME L7 (Figure 3-2B) . IRl B XY A4 b YVl D X v o8 7 HEICD W T
fENT % 1T 572 L 25, pHeLa & nHelLa D THED X v X7 HICHERDE VYD b7z

(Figure 3-2B), AMAHTIC I W TIE KCa3.l FEE S N/ 57279, pHeLa & nHeLa D TD
KCa3.l OFHBEDENICOWTIHFIT 2 2 e TEhb o/, FEINZX VN THDOHT,
st % v X7 E T 5 Annexin A2 (ANXA2) " cEH L7 (Figure 3-2C), ANXA2 (% nHeLa
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X 1.0 1.0
<100 - u
c
2 a a
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& § 05 2 § 051 .
3 8 A 8 :
< ] © ©
b4 40 2 e
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£ 20 ] °
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2 0 [ ©
2 NIV SN 2 2 05
NG ’gg, {\?‘0 B ©
[ [
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O o 200 400 600 800 1000 0 200 400 600
C><:><:> proteins proteins
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‘ Protein relative abundance (n/p) Protein relative abundance (n/p)

extract ANXA1 1.04 ANXA1 0.90
memb;::;’tliz?“"c ANXA2 1.46 ANXA2 0.89
ANXAS5 1.12 ANXAS5 0.96

‘ ANXA6 0.90
proteome analysis ANXA7 0.88

Figure 3-2. Proteome comparison between pHeLa and nHeLa. (A) qPCR analysis for mRNA levels
of KCNN4 in HeLa, pHeLa, and nHeLa cells. The mRNA expression level was determined by the standard
curve method using GAPDH as a reference gene. (B) Experimental overview. (C) Proteome comparison
between pHelLa and nHeLa in the membrane fraction (left) and cytosolic fraction (right). The abundance
of each protein is plotted as the log, value of the nHeLa/pHeLa ratio. (D) nHeLa/pHeLa ratio of ANXA
family protein level identified in the membrane fraction (left) and cytosolic fraction (right). Data represent
mean = SD of triplicate samples from one of two independent experiments (A). Data from two
independent biological replicates (D membrane fraction) or one experiment (C, D cytosolic fraction).
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Figure 3-3. Intracellular localization changes of ANXA2-EGFP during L17E treatment. (A)
Confocal time-lapse imaging of HeLa cells transiently expressing EGFP, ANXA1-EGFP, ANXA2-EGFP,
or ANXAS-EGFP. Cells were treated with PI and L17E (40 uM). Yellow arrowheads indicate PI influx
points. The time elapsed after the start of PI influx is shown above the images. (B) Proportion of cells
showing EGFP signal accumulation among those with observed PI influx. (C) Confocal time-lapse
imaging of HeLa cells transiently expressing EGFP, ANXA1-EGFP, ANXA2-EGFP, or ANXAS-EGFP.
Cells were treated with ionomycin (5 pM). Images show the cells before and after treatment with
ionomycin. Scale bars, 10 pm (A, C). Cells from three independent experiments were analyzed (B).

ICHEWT pHeLa X 0 dEEIICEH T 2HERLN 1.4 (5507205, A4 PV LEIRICET S
ANXA2 fEERIIMFE ORI TIZ L A L ED RV & PEZR &z (Figures 3-2C, D). Z DfEHE 2>
5. ANXA2 Dl COHFERE DE W OHIIE Z & DRREEIEMICHE L. LITE I X 2 87
BGEEZN L7V A4 b Y AEEDRNHICEH A U 2 AREE R S 7z,

ANXA2 BRI X v o8 7 CTH Y OREE X v o8 7 H L FERRIC, 94 Yo Ca?'ii
JEDEMNCIL U CEEMEEE ~OREMWELEE D, BEA~LBITT 2o TS WIS,
70T A= LMENTIC L o CHEE S 72 ANXA 77 3 ) —D 5 5 ANXA2 & [AIfRIC B 1o B



T 52 PO D ANXALH4 I X T8 ANXASH 148 12 DT, iR 5312 351> T pHeLa & nHelLa
MCHEERZ VN7 EBDEVCIIRED SN o7z, £ 2T, SHEEE X 7z ANXAL, ANXA2,
ANXAS 728 LI7E WLBERF D B ICEAG 3 2 02 MGt T 2 720, &2 v 37 H D EGFP Rl&{k

(ANXAI1-EGFP, ANXA2-EGFP, ¥ X (" ANXAS5-EGFP) % HeLa flfidic —#@PEIcFI &2, L17E
IR OMIENRE 2 HESEMBEIC X 22 A LT TRA A=V Vv TR L, a3V e —n
& L C EGFP ® # % R X ¢ 7254 Tk, LI7E ULERZICHIREN © EGFP D J{TEZ I3 @igE < L ix
7> 7= (Figure 3-3A, EGFP), —/7. ANXA2-EGFP % ¥ & ¥ 7354 T3, LI7E iIvIf&IC P1 O
A b I UTRAIEE > T ANXA2-EGFP 2SIHEREICfAT L. PI DA SIC B W TR WERM 2R
L7z (Figure 3-3A, ANXA2-EGFP), [AIEEIC., ANXAI-EGFP, ANXAS5-EGFP IC2\»T % LI17E JL#
#%IC PI AR COEHN Y 7 F L OERMBBIE S L7 (Figure 3-3A, ANXA1-EGFP and ANXAS-
EGFP), PI Dt ADEIR & Wi-#ildo T, EGFP ¥ 7' F L OMifaiE~DER R S 2 fllfgo
EAZFHEL 72 & & A, ANXA2-EGFP I 2T PLIRAD R S =/l d 5 5 90%LA - ol

(33 flf 31 M) Ic BT o I F L DERBIBE I N (Figure 3-3B), ZALICHT L T, ANXAI-
EGFP D413 30% (30 Mlife o M) . ANXAS-EGFP D54 134 24% (29 a7 filfe) <%
R 5, ANXA2-EGFP 13 L HHERERBROh A n LA 6@; &7 (Figure3-3B), =~ b
7 — & LT EGFP 2285413, ERE2E O N2 MlEoE &1k 0% (21 #ilgd o #iid) <©b
-7z (Figure 3-3B), 7z, ¥4 bV thod Ca?RE % EH X4 % 72 91T ionomycin Z NI L 7255
£ T, HeLa fIAZIC 35> T ANXA1-EGFP, ANXA2-EGFP, ANXA 5-EGFP @ 4= C 25l ~F51 T
L72Z &5 (Figure 3-3C), —i@BEFRIA X 272 EGFP £ 72 % ANXA PIEHICHEREL T D |
Ca® ITX 4 2 JEZMEDEVICT X - TH ANXA D LI17E IS4 2 G TEDS R 7 3 lBEME S RE & h
720 L EDHER D25 ANXAI-EGFP, ANXA2-EGFP, ANXAS5-EGFP ® 9 %, ANXA2-EGFP 23i%
b PHE IC LITE IRTFI R~ DB T 2R3 L MR & 7z, ST X D, ANXA2 28 L17E IZ &
S>TH ERZ INBZFEEDBEEICENT, IO ANXA 77 3V —X D b KEAa%kE2 R T
W 5 A[REMED SRR & L7z, if:\ TDIZ LD, ANXAL, ANXA2, ANXAS © 5 H, ANXA2 DA
73 pHeLa & nHeLa [l CHEMIZ ICH 1T 5 2 v X7 EHEICAE %R LT (Figures 3-2C, D) BT %
AIREMEDS B 5

Z T T, ANXA2 28 LI7TE EVEICHE S 2 02 2 MREET 5 729 1T, siRNA Z V272 ANXA2 O/ v

7 X v (KD) %1757z, Hela fEHH@ ICHBT 2 ANXA2 D KD 27 T2 & v 7uy bick b FHf
L. KD#¥ER+0Th 5 2 & %R L7z (Figure 3-4A), L17E I X % PI O &#EMK % 5l L 72
&Z A, ANXA2 KD IZ X o T LI7E IT X 23KERENR DT TlEd 2 3HREICHEMT 2 Z & 2384
527 o 72 (Figure 3-4B), Z DD 5, ANXA2 25 LI7E iG T2 MHIICHIfE L Tv 3 2 & 28
IRENTz, I HIT, KCNN4 FIEPMEL, LITEICX 29 4 b Y kiERIZ & A ER O N\ T24
MIRIC B W TDH, ANXA2 KD ICX > THA b Y EEMEPZEREICHINT 2 2 L PRI N

(Figures 3-4C, D), Z @%%# 5. KCNN4 DFEBEMEROGHIEERIC B WLTH . ANXA2 OFEREL
Mflg 5 2 & T, LITEIC X 23K OM LS A[RETH 5 T L R I iz,

RIT, ANXA2 %ﬁ%ﬂ%fﬁé&f: IS LITE GG S b 02 2 MET L7z, WRE LT,
HeLa #iifidd X 085 2 IS C LITE I X 2 @R 4 b VOV EEDHERR X 4172 HT1080 #ifid % 13
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% 3

R, ZNZnoMifEic 5T ANXA2-EGFP % —iEH ICERIREI X 272, [FEKIC, ANXAL X
Y ANXAS I220 T3, ANXAL-EGFP ¥ X U8 ANXAS-EGFP % Z L Z LRI R & &, 2 o2
ERET L7z, % OFER. ANXALL ANXA2, ANXAS5 O Wi ZilBfRR ¢ 2548 Th, 2 v b
o —)Lt LT EGFP DA% B X #7286 L HELL T, LI7E I X 2 8@ ICITHERZ(LITEE
» b h o7z (Figure 3-5), ZDOFEFRIT. ANXA2 OFIEIME T3 2 & LITE 58T 2 —J5
T. ANXAL ° ANXAS 2 &8 ANXA 7 7 3 ) —ORKBHEE NANICHEME ¢ Th, LITE G
LR LR LT 25, ANXA2 OIBFIFEE D LI7E OIGHEERT 25 2 X e d o 72 HH
LT, WETED ANXA2 230 ICHEREL T 3 7200, BRI X 4T ANAX2 IT X 3 I (&
BEIEERZNEE LR LAV R EZONDE, 72, H7x 2 BFFEH I TD ANXA2 7
RS ZNIEEZ L R WAlRENE D & 5, BOEfEFCTD ANXA2 FEERICHE T 2 H R L L TlL.
ANXA2 D3HEET 2 -0 O BHFE OHFER L. ANXA2 & & D I~ LBITT 2 2 L3 HIbNn
% S100A11 & v X7 B " OByt L LTHEZ LN D,

AREIOFEFR LV, ANXA 77 1Y =D Th7 < L d ANXA2 23 LI7E i& M % ] 0y i filfE L
TWBZEREINT, ToIc, MRETETD ANXA2 DRERDE WD, F—HIfgkkHIicE
B4l % DRI D L17E 321 (L17E 2RI L 7285129 4 b YAEREL 2008 9 5) kT
L T\ 2 ATREME S /R X 4172 (Figure 3-6)

A B C D
Hela cells T24 cells
Hela cells 60 - T24 cells 25 -
N & 501 . *
& .\e*"w P & & i I
S S = 40 4 RO 2
8 & 9 8 15+
—_— IB: ANXA2 2 301 o
£ | IB: ANXA2 = 10+
g2 ]
s s | 1B: B-actin T 1071 EI IB: B-actin T 57
0 L& [0 o Lo &
L17E: - + - + L17E: - + - +
siCont  siANXA2 siCont  siANXA2

Figure 3-4. Enhanced L17E-mediated intracellular delivery efficiency by ANXA2 knockdown. (A)
Western blot analysis for ANXA2 in HeLa cells transfected either with control siRNA (siCont) or ANXA2
siRNA (siANXA?2). (B) PI delivery by L17E in ANXA2 KD HeLa cells. Cells were transfected either
with siCont or siANXA2 and treated with PI and L17E (40 uM) for 5 min. PI delivery efficiency was
analyzed by flow cytometry. (C) Western blot analysis for ANXA2 in T24 cells transfected either with
control siRNA (siCont) or ANXA2 siRNA (siANXA2). (D) PI delivery by L17E in ANXA2 KD T24
cells. Cells were transfected either with siCont or siANXA?2 and treated with Pl and L17E (40 uM) for 5
min. PI delivery efficiency was analyzed by flow cytometry. Data represent the mean + SE of three

independent biological replicates (B, D). *, p < 0.05. One-way ANOVA followed by Tukey—Kramer’s
post hoc test (B, D).
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Figure 3-5. ANXAZ2 overexpression does not affect L17E activity. HeLa cells (left) and HT1080 cells
(right) were transfected either with EGFP, ANXA1-EGFP, ANXA2-EGFP, or ANXAS-EGFP vector and
treated with Pl and L17E (40 uM) for 5 min. PI delivery efficiency was analyzed by flow cytometry. Data

represent the mean + SE of three independent biological replicates. n.s., not significant. One-way ANOVA
followed by Tukey—Kramer’s post hoc test.

low membrane localized AXNA2 high membrane localized AXNA2

w L17E N¢
3 <

PN cf‘ £ anxaz ANXA2
Figure 3-6. Proposed involvement of ANXA?2 in L17E activity. Cells with low membrane-localized

ANXA2 levels are relatively sensitive to L17E-mediated cytosolic delivery (left). Cells with high

membrane-localized ANXA?2 level are relatively resistant to L17E due to its strong membrane repair
activity.
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F3fi CPP DY A b Y ABATICN S 2 EEN S X OREE RS

953 BETIZZNE TIC LITE WEHRICH 3 2 BREE & v X 7B ANXA2 D8zt L T & 72,
% DIEEERIGFMIEESEEI NS itk 3 Ca¥ ALK VBRI s Z L BAbNTE
D, ANXA2 # 13U @ & T BBEHR & v S 7B 13 CURTFINICHRES 2 1, 72, 5 2F T LITE
%ﬁ@%%ﬁ%ktfﬁﬁéhtK&ﬁ1%ﬁ%:cﬁcié%ﬁk%%ﬁ”mo%@tbLNE

CEBH A b+ VEEIC IS CaZDRADBMATH o7, X 5T, —i aMlfaEE R~ 7

FF (CPP) DHA Y ABITICXHLTH, KCa3.1l ZIZLDETEH Y 7 LF v AN DFRELH
YR EEN ORGP EETH L EPMEINT WS 12128 UL, CPPDH A + VY ARITITH
T 5 EEEEAEC Ca? Dl 2 FF 5 IC D W T ARIHTH 3 B0, 2 2 ©, AT Tld. L17E LAt
O — I A IEELEE -~ 7'F F (CPP) DH A + Y ABITICH§ 2 Mgt Ca? e S o 2F
5% MEt L7z, LITE L ftho CPP & OAHiE & LT, LITEZH A b Y AEBEDOBRICHI T & D
HAEZMBEL LW BB TFOoNE, 200, H2%, HI3ZEICHENWTIE, LITEZDH DT
1272 <, L17E & H5 L 728807 (P15 AF488-dex10) DiEERR (i1 % DML CTH LD T
FA P INVEERROND D) EEHliL Tz, Lo L, —#&7 CPP Tlx~<7'F FHELHI
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Figure 3-7. Effect of KCNN4 KO, K buffer and BPTA-AM on L17E-mediated cytosolic delivery and
L17E translocation into cytosol. (A) Experimental overview (left). The percentage of the cells with
cytosolic PI signal after L17E treatment was analyzed. U20S cells (WT or KCNN4 KO) were treated
with Pl and L17E (40 pM) for 5 min in the condition of high extracellular concentration of KCI1 (140
mM) (K buffer) or in the presence of BAPTA-AM (40 uM). Confocal microscopy observation of PI
delivery (middle) and flow cytometry analysis of PI internalized cells (right). (B) Experimental overview
(left). Cytosolic internalization of FITC-labeled L17E was quantitatively analyzed. U20S cells (WT or
KCNN4 KO) were treated with FITC-labelled L17E [L17E(FITC)] (20 uM) for 5 min in K buffer or in
the presence of BAPTA-AM (40 uM). Confocal microscopy observation of internalized L17E(FITC)
(middle) and quantification of cytosolic fluorescence intensity of L17E(FITC) (right). Scale bars, 20 pm
(A, B). Data represent the mean + SE of three independent biological replicates (A). Data from three
independent biological replicates are shown in box and dot plots (B). **** p <(0.0001. One-way ANOVA
followed by Tukey-Kramer’s post hoc test (A); Kruskal-Wallis test followed by Steel-Dwass test (B).
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DT ERTTF FORBERIPMBEN~ EBITT 2720, CPPIEMOIEIE L L T, FITC IT X Y #1¢4E
ML= TF POV A4 b ABTEZEGRENTIC X 0 EEMICFHE L 72, 390, L17E B
DY A4+ AT RICOWTEHGIT % 72 I FITC 2% % L 7= L17E(L17E(FITC)) % F\» T U20S
MBI 294 b Y ABITEZFHE L 72, fc@,%éf% KCNN4 KO U20S #flifi <% WT U20S #ihd
LI L CTRATEZERICHA Lz (Figure 3-7B), & 51T, WT U20S MIAZIC B\ CREEN % 1M
Jex % HIUT 140 mM D KCl Z&4H 7 % K buffer Lfi%ﬁo =G, Mt Ca¥ i % 1
T % 72T BAPTA-AM % WU L 72354 C 3 \L17E(FITC) DMIE N T B (3G E il L 7= (Figure
3-7B), :fD{tErﬂ IZ. FITC #Zi%% LT\ LITE ICX % Pl OF 4 b YL EEETH - 7=
(Figure 3-7A), TNHDFERL S, LITEIC X 394 b Y AEERZ T <, LITE Bk H 4 b
VARATIC D . KCNN4 OFEHL & Y] BN O TR, 5 X OCHIFEHN Ca> IRE D LA MHETH 5
T PRI NIz, 72, LITE D4 b Y ABITIC I, BEEICHE - T Ca?iAIC X % KCa3.l
DIEMALBLETH L L EZ LN,
e, ftho CPP IOV T H AR R O N2 AR T 2720 1c, =FHD CPP
(L17ER4S', R8®¥, B X U Pen®) % &R L. ZHF N FITC I X % HOLH % fig L 7=
(L17ER4(FITC), FITC-R8. ¥ X LN FITC-Pen), T 5 @ FITC 15k CPP i< 2T U20S fMifidic 3
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Figure 3-8. Effect of KCNN4 KO, K buffer and BPTA-AM on CPPs internalization into cytosol.
U20S cells (WT or KCNN4 KO) were treated with L17ER4(FITC) (5 uM), FITC-R8 (10 uM), or FITC-
Pen (20 pM) for 30 min in K buffer or in the presence of BAPTA-AM (40 uM). Confocal microscopy
observation of FITC-labelled CPP internalization (left) and quantification of cytosolic fluorescence
intensity of FITC-labeled CPP (right). Scale bars, 20 pm. Data from three independent biological
replicates are shown in box and dot plots. **** p < (0.0001. Kruskal-Wallis test followed by Steel-Dwass
test.
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F294 b ABITEEFHMEL 72 & A, KCNN4 KO ¥ X O K buffer LEIC X > Tl Th b =fl
$HD CPP W4 b Y ABITEDIRD L7225, BAPTA-AM QUL X - Tld, WD CPP D
HICBWTH, LITEFITC)DHE L IZxfIic, 4 PV ABITELRE L (T 5 2 L AR X
M7= (Figure 3-8), T DFERI L., T HD CPP DH A + Y ABITICIZ, #Y) 22 EE A D HERF©
KCa3.l OFRBBMHETH 5D DD, il Ca IREDHEM L Z NIC X % KCa3.1 DIGEHALITHE
TIEEWI ERARBEINT, T2, BAPTA-AM UEIC X o THA F Y ARBITESEINL 22 L 2
b, BUEEEREOMIFNIC X > CTHA P Y ABITESEML TV 2 RN RB I iz, £ T T,
INHD CPP DY A b I AFATICHT 2 ANXA2 DREG Z#iET L 7z, Z DFER. HeLa MlfZIC B\
TANXA2Z KD LTH . WFND CPPICOWTHH A4 + VY ABITEOMINIIHEZL X 119 ANXA2
ZZNHDCPP DY A P I ARATICR L TA L DIMHIICIEZTFS LT nT EXRBIh
7= (Figure 3-9),

Z T T, ANXA2 DAL OEEEEES 2 b D CPP OH A b Y ABATICES LT\ 3 2 & et
L7z BRUEIEREREIC 12 ANXA MIFHIC & ESCRT AR OBEREABA G- 5 152159, ESCRT £ v ¥ 7
. HEER /N AR BR G OBEICRES T2 2 ML NTE Y, oBEER T L FfkIC Ca®*
IRIFRIC ARG IR E S b, X 51T, ESCRT IHBEMHRMICEHAKREZIEK T 2 2 &<, 85
AL & BRI B HERE A FED 192198, F /2. ESCRT OI¥RE#FHET 5 C & 1T X - T, TAT-RasGAP;.
326 (fRFMI 72 CPP TH % TAT & pl20 RasGAP @ SH3 F A 4 vk D~ 7' F FEH & Ofie~< 7
F ) i X 2 MIRBAREG 8N 2 2 & dIRE TN T B 34 ESCRT HAKRDOHREZ HE T 2 /-
WIZ, VPS4a D F I F v b A AT 4 7TH 5 VPS4a™8Q (E228Q : Glu**® — GIn) 310 2 F 72,
VPS4a |3 ESCRT . &1A D IRYIWTHEAE 2 FlH 3+ 2 EE A0 7 CTH v . % DEEBED RIET % & ESCRT

L17ER4(FITC) (6 pM) FITC-R8 (20 pM) FITC-Pen (20 uM)
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Figure 3-9. Effect of ANXA2 KD on CPPs internalization into cytosol. HeLa cells were transfected
either with control siRNA (siCont) or ANXA?2 siRNA (siANXA2) and then treated with L17ER4(FITC)
(6 uM), FITC-R8 (20 pM), or FITC-Pen (20 uM) for 30 min. Confocal microscopy observation of FITC-
labeled CPP internalization (top) and quantification of cytosolic fluorescence intensity of FITC-labelled
CPP (bottom). Scale bars, 20 pm. Data from two (FITC-R8) or three (L17ER4(FITC), FITC-Pen)

independent biological replicates are shown in box and dot plots. *, p < 0.05; **** p <0.0001. Wilcoxon
rank-sum test.
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AR & A A HE S g 157158 ESCRT £ v S 7 B RIEEREUMCH, =V F Y — LD
FACHINE 3 7 & O BEZE LML 7 v 2 R ICB 53 5 70 P00 R 7 ESCRT HEF X2 1LH
RDHAESE % 51 ZHE & FTRTREME A B 2 101192, 2 2, X4 I v Ul EEZ ESCRT FHE V% &
L T, Tet-On ¥ A7 AIC & % Dox {KFFHY 7 VPS4at228Q FIHGHE R % H\ 27z, PiggyBac ¥ AT L%
FWwT, VPS4a (WT % 72 (% E228Q A H{K) % Dox IK1FHICFIR 3% HeLa Ml (HeLa VPS4a™"
¥ X O HeLa VPS4a"2%Q) %4637 L 72 (Figures 3-10A), Dox MLBRIRFREK AT IC VPS4a D FEHE D
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Wnsscertvzxzy7ay MK YR L7z (Figures3-10B), & HiC, fELREICL > T
VPS4aVT 35 X UF VPS4aP22Q i NRTE % FHli L 72 & & A, VPS4aVT i394 b VL2 {kici)—ic
DAL TO7ZDICHt L, VPS4aP22Q (I v F Y — 4 & b 2 FRA7ICERE L T\ 72 (Figures 3-10C) .
T, VPS4aP3UC BWTId Z DERREDR KON T W B 72dI1C, TV F Y — L[ ETO ESCRT #
HEROMEENIEFICHET L2 R, RN AEEIEL 2D EZLOND, T2, Hela
VPS4aVT 5 X 1N HeLa VPS4a™2%Q D jfflificdic 5\ T, Dox O HMEICEID &9, FITC % CPP JETF
T B L OHFET OmSFclE afilastEr Ao nw & 2R L 72 (Figure 3-10D), e\
T, FITC #Zi# CPP % 4 b VY AFATICN 2 ECSRT D& % 5T L 7z, HeLa VPS4aVT iC B\
T3, Dox LEEDHEEICEID & 3, FITC B CPP O ¥ 4 + VY ABATRIIZE(L L /25> > 7225, HeLa
VPS4a™25Q 12 5\ Tld, Dox LRIV D FITC &3 CPP iIC2 W T b 44 + VY ABITRDOH
B IEINAERE & 7z (Figure 3-10E) . A E D #5325 ESCRT (%, L17ER4(FITC)* 3K 7x CPP
T®H 5 R8 X Pen DV A + VY ARATICH L CTHIFIIICBIV- T b . ESCRT ZFHE % 2 & T CPP
DY A I ABITRRETE 2 Z L MR I NI,

TLWB L, LITEICX 294 bV d@EIc i ANXA2 25885 L CTw» 7223, L17ER4, RS, Pen 7x
EDCPP DY A F Y AATICN T 5 ANXA2 O IIRER TH Y . ESCRT #HAMIC X 5 BEEE
25X 0 EE AR EE A R LT B ATREMEDSRIR X L7,

Figure 3-10. Effect of ESCRT inhibition on CPPs internalization into cytosol. (A) Graphical overview
of the PiggyBac plasmids used to establish HeLa cells with puromycin (Puro) resistance and doxycycline
(Dox)-inducible expression of HA-tagged VPS4a (WT or E228Q mutant). (B) Western blot analysis for
Dox-induced expression of HA-tagged VPS4a (WT or E228Q) in HeLa VPS4a%T and HeLa VPS4a"22%Q
cells. Cells were treated with Dox (1 pg/mL) for 0, 2, 4, 6, or 8 h. (C) Immunostaining analysis for HA-
tagged VPS4a (WT or E228Q) in HeLa VPS4a"T and HeLa VPS4at?2Q cells treated with Dox (1 pg/mL)
for 16 h. (D) Cell viability assay for HeLa VPS4a%T and HeLa VPS4a"22%Q cells. Cells were treated with
Dox (1 pg/mL) for 8 h and then incubated with L17ER4(FITC) (6 uM), FITC-R8 (20 uM), or FITC-Pen
(20 uM) for 30 min. (E) CPP internalization in HeLa VPS4a%VT and HeLa VPS4a"?%% cells. Cells were
treated with Dox (1 pg/mL) for 8 h and then incubated with L17ER4(FITC) (6 uM), FITC-R8 (20 pM),
or FITC-Pen (20 uM) for 30 min. Confocal microscopy observation of FITC-labeled CPP internalization
(top) and quantification of cytosolic fluorescence intensity of FITC-labelled CPP (bottom). Scale bars, 20
um (C, E). Data represent the mean + SD of triplicate samples from one experiment (D). Data from three
independent biological replicates are shown in box and dot plots (E). **** p < 0.0001; n.s., not
significant. Kruskal-Wallis test followed by Steel-Dwass test (E).
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%5 3T TlE, HeLa AlIfENTD LITE EZEDEVICEH T 5 Z & T, LITE WG ICGEE S 2 KT
ELTHRBE X v 82 TH D5 ANXA2 #[E%E L 7z (Figure 3-6). % 7z, L17E A D FK M7 CPP
DOREEE (4 b Y AAT) 18D ESCRT KA R BEERESBG L Cnwb T L 2L IC L
776

ARETIE, LITE X234 F VY kiEDA U7zt D pHeLa & iXEH A U 7 - 724l
Rk D nHeLa IC B %2 7 74— LD #1T o 72, = DOfEHE, BiH 5 Tld, nHeLa ICEB 1T
% ANXA2 &7% pHeLa DFJ 1.4 f5TH 572D ixf L, 4 b VVHISICE W T TD ANXA2
BRIz A &N o7 (Figure 3-2), 2D & H 5, LITE SHINUME 2 5% 3 2 BE, AfufEE
TICHIET 5 ANXA2 B23% 0T &, ANXA2 BEERICEE I LT A, e LTLITE
X294 b NKESIR S NS AR R I N, LA L, ANXA2 Z XL ® &35 ANXA
77 Y —IlEEIFA PV NVICRTEL TE Y, BEEERIC Ca AT 5L TIILD TR~
BAT9 2 &EZ LT3 91618 IREICE T 5 ANXA2 JRTERDZEBEL 2 XA 1= XL,
[RTER D EDBEEETENIC S 2 281k, SHOEERNFEHETDH 5,

pHeLa & nHeLa [l D ANXA2 DRRTERD ZZEABTERE & LT, SI00A1l X ¥ X7 EHD
B 2% 2 b5, ANXA2 3. SI00A1l X v X7 HEFESL~T ulUEKEZEK T2 2 & T, &
~NERBATT B 116 S5 ANXA2 DRJFTEENZEL L 728 H & LT, S100A11 ORI E-CHllg
WREICEB T2 & T, HilhARIEO N EEEDLH 5, X 5T, ANXA2 OEFRERZ
DORHIOERK & LT, LITEHOFER L LT, A4 VKR 7 ANXA2 OHIRIS~ D figH 234
U2 AREMED ZBICANZ MBS H 2 16, LI7E I X 3EEEAZ T -/l Tli. ANXA2 23EE
FEISEORR L LOUMIZIEZE L. HIREE D Hilf#Ed 5 C & C, pHelLa & nHeLa [H]T®D ANXA2
HICEPECZZARUEREZ O S, LA L, RECTHEML 72 ANXA2-EGFP D X 4 L7 T A4 X
=YV 7T, MEINTW S XD 7 EGFP [GMEO/NMIDBEREIIBIR I N o7z, TD T L
5. L17E OfEHIC X > T ANXA2 E2ZL L 72D Tid7 . PR T ANXA2 EDE WA
L17E BZHEDENEEL XL EZ L08R YTH B,

X HIT, ANXA2 X, FU S BEEIEEA RO 2 L2355 ANXAL ° ANXAS & iR L <,
LI7E #MREIC X 0 B i~ 0 A R 3 2 L AR S Wi, /2. 70 74 — LT O
R, S ICE 1T 5 ANXAL 35 X O ANXAS DFfFFERICIE, nHeLa & pHeLa [H] T ANXA2 13 & D
IR LN o7 (Figure 3-2)s T B DR G, LITE I X 2 BEEICH L T, ANXA2 28
ANXAL ° ANXAS XD D RELCHFLGLTWBE I ERBENDE, ANXA 773 Y —lF, 2027
F A A4 VIZ 2 A4 TUNCa FEATROL & M 2 Ca? /R AEE T — 7 255D 1, Z 0fElkICE 1T
2570 7B CobSrRT I 7 BESDE WD Ca? & IR~ DB OE 2 AR H L T
2LEZLNTHS 197, FEEE ANXAG6 (X ANXAL & IES L T Ca? i ClRE I T %
5 EDEREINTED 18 ANXAL, A2, ASREITO AT Y LGEEDE VA L17E ULE I
I REZECOREDZ BN TH 2 HEM LS H 5, 72, ANXA O N Kinfdiz—mkiic <7
o ZHCHREEEZ RTE Y| % ANXA OBREEDSEZ AR L Twd &EZ LN T WD 19,
ZD—J7 T, ANXA RlIEAE ICHEREZHITE L&D T & T, ANXA RTFM) 72 RS RE © — & 03
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H—D ANXA RIEBICH L CILEEZFio R ER S T 5 19, REOFKFR TIE, ANXA2
%7 v 7 Zv v LTH LITE IC X 2 &N IIH 5%DEIMIC L & 572 (Figure 3-4), DI &
2B, D ANXA 23 AXNA2 DEEEREEZ T L T2 AlREMEZER L. T 5% 2 MET 21T 9
e ERThELEDND,

SEIFEE T N7z ANXA2 FHIIEEEZ T, VY Y —LEOBEICHBES LT b LAk
HINTWE T L7235 T LITE D X 5 il %z A Lz 4 P Y ViEEFEDO AL LT,
IV FHA b=V 2ENLZEERKOT v F Y — AR IC D ANXA2 23B85 L T 2 AlHE
HEDE 2 5N %, LITE UADEZERICNT 5 ANXA2 OF G R ES%OEEARGRETH 5, F
7o FRCIREREZ o S AMIIE IR AT & 23 K. ZnZHifE 3 % 72910 ANXA I X 2 &
ERPEE L T 3 ATREME B S LT 3 919, 20720, BIEEZOMENZ, A
MRS BT 294+ Y AEENREH LT 2 720 OGN HEE & 72 2 A[REME A S %,

F3EDBZRPITIH W TIE, LITE MA@ CPP icx 3 2 M % D& % #at L 72, RN 7 CPP
& L C. R8. Penetratin (Pen). ¥ X OFTEIFFEE CHIFE X 7z LITER4 & W TR %2 1T - 72,
ZDRER, 2B D CPP DY A T+ VY ARBATICIE Ca KIFIN 7o A& % 23 NHI I EF L T w3 1]
AEtEDS R X N7z (Figure3-8), 72, TNHD CPP DH A4 + Y ABATICH L Tk, ANXA2 X b
b ESCRT HAKDA G2 L Y K& W»wZ & 2R & 7z (Figures 3-9, 10), CPP O 4 + J AFEAT
R OBEICOWTRINETICD/RBINTE Y, CPP W X » THEBEIEE D —D2 T
HLIFXVHA =V AT 5 2 &, MRS Ca?URED CPP DY A + VABITICHE . S
A5 EDPMEINT VD B0, CPP D H 4 b Y ABFTICH LT ANXA2 £ D b ESCRT AT
DHEHGHRKED > HB L LTiE, CPP 2llaE % iZiE 3 2 BRO R T 94 X E L T\ 3 Al
2% %, CPP DLEBFFICTEM I NE A7 IFELAH nm TH 5 LHEEINTEH D "2 ANXA 28
Boum OKE X OGN AT E 2 Dicxt L %, ESCRT 134 10 nm DK ¥ X DIEG OB IC
BIG LT eEbNT0E 2, 20l rb, LV/NSWH A XDRT ZBKT 5 —MthH) 7 CPP
DHF A+ I ABITICOWTIE ECSRT DFH G 03K & <, X L T LITE 3¥ifk 7 EOERST b ikiE
ARER C b XV REARTRIVLT 2 L PHINS 20, ANXA ORISR & WATREME 2%
ZAbNb, EXTFFICIVEEEINEERT A XDENICE Y, BE5 T 2 EEMMERER 20
REMEA B D, CoMdSHOBERAWMFTHETD 2,
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APRELEANA @S T 2 HIEPNCE AT 2 2 &, HIlEEY I B CHBTREE 2 HIf 4 2 7=
DOFHLY =Nl 2723 Th{, BEOAREMZILRT 2720 0 EEREIKCTH 5, ZNICTDH
bbb, INLDTEOHKICHZERT 2 2 L IMRA L LTEL ., ZoERMbIE, B
FOT )Y —HERICE T 2, EEDROMEE LBREDOZ LI TH B, 20X ) RiEIKD
JFK & LT, 2NFNOHBINEERIED A 71 = X LBREFTEICIIHMRIN TR WD &A%
Fond, RFFEORKEOEEME L, MAEHNEERZ T 2 MK T2FRE LS5, 6
1 &IV TE, EFEEHZED T 2 fllENEERE TH 2 MPC ICEH L, BMZAET ¥ 1L
Piezol ZiGME(L T 5 2 & T, MPC iEMEZIMHINICHEIcx 2 2 e 2 RN L 7, B2 &, HIHEIC
BWCld, FEITEE CHFE S NzkE S 2 Fi> <7 F F LI7E IC&EH L. LI17E 23 Hlfatki]
X UHIRERE N IC 5 W CRIBGER AR50 2 & 2R L7z, X 61T & OER % FiH L 15 2 flia A1
& LT, KCa3.1 & ANXA2 %#[ElE L 7z,

AWTFE T DR A2 E RO @ IR E T e L TG TE 2L _RAVICE THIEI L5720
CIE X O R 2MRBRLETDH 508, FERICGEEL G2 MR TZRE L2 ik b, Hikg
PERE DHITHNC X 2 RO & v 5 | 72 BRSO MTREME MR S 7z, F A2, ARFRC
OHMAZIEHT 2 2 & T, BREZMNG L 225 Z oL EEICR220d Lk, 5
it AR CRHEE & L7z X 5 mkiE R o RER T 13, MEPLEZERIT % in vive ICH 3 2 B0 %
B~ DB TREE D PHINA A~—H— L LCOHAfFcE 2, AMEE 2%, HI3ETITo7-
X9 7, Mok EEOECE KL, Z OXEMNEOPER T % FrE T % 70k, Ml
FEERA N = XL EIRAT 2 720 OMEN R TR E LT, oS nEgigicx LTd, AW
RAREZ 7263 EBHHfFE NG,

BET 2L, AEOREIZ. MlEYEcETF2H R LTEELRFZ T AL, BF
O HHE PREEE RN D BR IR 72 )G % HAR T IR OB TE R DR~ T 7 n —F % 5.2 5 % b
DTH 5,
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%1 HDOREER

D-MEM., D-MEM low glucose (& FUJIFILM Wako Pure Chemical Corporation 2> b A L 7z, 7 &
& I (FBS). Opti-MEM (% Gibco %* &l A L 7z, Lipofectamine LTX, Lipofectamine RNAIMAX,
Hoechst 33342 I3 Invitrogen %> 5l A L 72, Recombinant EGF, Yodal, EIPA. Puromycin /% Sigma-
Aldrich 2> 5§ A L 7z, TRAM-34, SKA-31 (% Tocris Bioscience 7* &l A L 7z, TMR-labeled dextran
70kDa. AlexaFluor 568 labeled-transferrin, rhodamine-labeled phalloidin (% Thermo Fisher Scientific 2>
LA L 7z, lonomycin I3 AdipoGen 2> LA L 72, GBI HEETHNIT A —H — HHESET 2 A0
DL, 2EL, -30°CICTHRIF L 72

Al ks £5

A431 #IIEIE 10% (viv) FEEML FBS % & i 27 v 2 — & D-MEM 5 (D-MEM(+)) HhChs# L
7-. HEK293T flifEix 10% (v/v) FE@IL FBS % &L K7 v 2 — X D-MEM #5# (D-MEM LG(+))
HCREL 72, 2 TOMMEIE 37°C. 5% CO2 SfFCTREEL., 80-90% =Y 7 LT v + DIREET 24
HZ ol ETTo 72, EBICIZ, SR 1-15 ofilez vz, EBIZ, FRciiEo i wiRY
JE@IL FBS % & £ 72\ D-MEM ¥5Ht (D-MEM(-)) HCiTo7-, EBhofigf v Fax—2 3
VIEFRICHEED 2R VR Y | 37°C. 5% CO» St TIT 2 720 R CTH W Mgk IZ R DM Y TH 5,
A431 (human epidermoid carcinoma, ATCC, CRL-1555), HEK293T (human embryonic kidney, RIKEN
BRC. RCB2202)

75 23 PR

pGP-CMV-GCaMP6s : pGP-CMV-GCaMP6s-CAAX (Addgene # 52228) 75 CAAX Ft¥! % HIBR 3
%2 L CfFfL 72,

pIRES2-mCherry : pIRES2-ZsGreenl (Takara) 7*& BstXI/Notl iC & %341t C ZsGreenl % 22— F
% cDNA %2 L. [A UEBAZIC mCherry @ cDNA WiH AT 2 2 & CTIERLL 72,

pPiezol-IRES2-mCherry : & } Piezol @ cDNA (Promega, FXC01061) % . pIRES2-mCherry @
EcoRI/BamHI A7 i ffi A L CTIEELL 7=,

pPiezo1(A946-956)-IRES2-mCherry & X U8 pPiezol(A944-946)-IRES2-mCherry : pPiezol-IRES2-
mCherry @ Mlul/Sall #7[E D WT Piezol BiHl Z HIFRBCHICE 2412 2 Z & TIERLL 72,

pSpCas9(BB)-2A-Puro (PX459) V2.0 : Feng Zhang 1847 & 2flt X #1172 (Addgene #62988) .

PX459-Piezol : Piezol # X —% v + &3 % CRISPR/Cas9 77 A I F (PX495-Piezol) (. t b
Piezol E{n D # 4 FEEH] (TATTCGAGGCCATCGTGTACCGG) % . pSpCas9(BB)-2A-Puro (PX459)
V2.0 @ Bbsl HAZICEAT 5 2 & TERIL 72,
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pGFP-C1-PLCS-PH ¥ X ' pmCherry-C1-D4H : Gregory Fairn f§i+: (St. Michael’s Hospital, Toronto,
Canada) X 0 ZJEEICX Y fEfEx s,
TRTDT 7 A I FORS|%Z DNA > —% ¥ X (Eurofins) i & o THEAL 7=,

TI7AIRNNTI VAT 2O av

TIAINDM T VA7 22 avid, Lipofectamine LTX ZH\W T, A—h—#5Eo 7w + 2
W > T T o720 &7 7 A I F & LTX ikZE. PLUS reagent % Opti-MEM HCEA L. ZImT S
DEHE L 72, Z 0%, M2 ST EA L. Inzfilgiciml 72z, Mgz 4 K4 v ¥ 2
R—vavlzth FTIXIFNREL NI VAT 27y a VB ERE L, L% & T %
RIS U7z P IV RT7 273 a v 24 WEEIEE L -l 2 ZERCH 7=,

Piezol KO A431 il o 37
Piezol KO A431 #lifld#k %, CRISPR/Cas9 ¥ A7 LR HWTHISZ L7z, & b Piezol %/ v 2 T 7

FF 370D H A Py =2 v A (TATTCGAGGCCATCGTGTACCGG) I¥. CRISPRdirect

(https://crispr.dbels.ip) % FWVTHRIE L 72, A431 flIlE% 60 mm dish i 7x10° cells/dish THEHRE L |
1 HE58% 1T, PX459-Piezol 77 AI N R M T VR T7 27 av iz, VTV AT 27y a vtk
1 HFR5#E L 72, puromycin (1 pug/mL) ZHCAIML, 3 HREREE L 72, % 0k, Mild% PBS
T2 [EFEH L. puromycin Z & F A WEEHIP G, 100 mmdish 2 v 7z v FECTHEELE, 20
#iREZ . 96-well plate IC 0.8 cells/well TIEFEL . HE X2 2 & T, RAGHEIC I oTr v I
s ua—v i,

77 LB DRERR

VNN B —VICET S Piezol /v 7T v M, 7/ 4 DNA OHEHEFHIPEIC X Y i
Al7z. ABIHIKE (WT B3 X027 m—v#1, #2) % 35mmdish IC 2x10° cells/dish THEREL ., 1 H
&L 72, 2o OMiigs> 5. GeneArt Genomic Cleavage Detection Kit (Thermo Fisher Scientific)
ZHAWTY /L DNA it L7z, 6Nz L DNA 226, 774 ~—_7T 1 5-
CCAACAGCACCAACTTGCTG-3" (forward) & 5-AGGAGTCCAGGGAAGCCGT-3" (reverse) % i
W72 PCR IC X Y| CRISPR/Cas9 X —7 v + L DRI % HElE L 72, HEHEECY] % . DNA Ligation Kit
<Mighty Mix> (TakaraBio) #F\>72 TA 7 0@ —=v Z77KIC X Y | T-VectorpMD20 (TakaraBio) IC
AL, 77 A P72 —thicifi A I /zlidd] % DNA & —% ~ & (Eurofins) 1T X o THER
L7,

Y 72 A LFER PCR

MfE % 35 mm dish IC 2x10° cells/dish THEREL . 1 HREREE L 72, MIlE% 0.05% trypsin T 5 43
JLPR L C 8 < 2, NucleoSpin RNA Plus (Takara Bio) % F\>C total RNA % UYL 7z, 2 pg D b
— Z )L RNA % PrimeScript RT Master Mix (TakaraBio) % F\>C cDNA ICHHRE L7z, VT A% A4
L€ & PCR (. PowerUp SYBR Green Master Mix (Thermo Fisher Scientific) % F\» T QuantStudio
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3 Real-Time PCR System (Applied Biosystems) 1 & D {T> 72, B\ 4 Z ik, 95°C (3 43) IThii\»
T, [95°C (5 /) & 60°C (30 )] % 40 4 2 Vi VIR 45 CfT > 72 mRNA OFIIE D]
i IIRERIEIC X VT2 72, B TDOEERT GAPDH # ST & LTHWE, HHLEZ7 74
~—FXRDOHEHY TH 3B, 5-CCTGTTCGACAGTCAGCCG-3" ( GAPDH forward ) & 5'-
CGACCAAATCCGTTGACTCC-3" (GAPDH reverse). 5-AGGCGCATCAGTCTACGTTT-3" (Piezol
forward) & 5'-GCTTGGCCTCTTCTCTCTCC-3" (Piezol reverse)

THFALZ7VI0kDa Y AR T v &4

7 ¥ AP 770 kDa (TMR-dex70) DHUY A& 1%, HESFHEMEEHRLE 7o -3 4 P A Y —
R IC X o CEHI L 72,

HE SRR 21T 5 HE 1. A431 MifZ% 35 mm glass-bottomed dish (C 2x10° cells/dish TH#%
FEL., 1 HERGE L7254, FEERATIC D-MEM(O)Y C— MG AERE S 217> 72, £ Dk, Mild% D-
MEM(-)*# T TMR-dex70 (0.5 mg/mL) % Yodal (1.5uM) DTFHE T % 72 13IEFFTE FIc BT 37°C
T10 M4 v F 2 _—+ L7z, HMIfE%EKA PBS T 2 [\ L 724, Hoechst 33342 (5 pg/mL) %
&1 PBS 5 L CEIRT 5 MUES 2 2 & OB EEIT o 7, BIEIZ, 60xPIL v X
(UPlanSApo. iHiZ. NA1.35, Olympus) % ¥fii L 7z FV1000 CLSM > 27 4 (Olympus) % fifiF
LCfro7z, f#FTIX. Image] V7 b =27 (NIH) ZfEH L Tfro 7=,

Zu—H% A A ET S BAIE. A431 HIIE% 24-well plate I 1x10° cells/dish THERE L
7. PAMIBTEIERNE & RO UUE 2 T\ K PBS T 2 B, 025% b ) 7> v T 37°C, 10
ST 2 2 TTL— b REEX 272, Z D%, D-MEMH)Z M2 CHlfgZ @@ L., 2z
F a2 —7ICEULL 7z, MIHE &m0 8E (800xg, 25°C, 543) L. b n7Milg~1L v + % PBS T
Vel L7z, Z OUERHRIE 2 LR VIR L 7212, B iICHlfig % 500 uL @ PBS THHE#E L. Attune
NxT flow cytometer (Thermo Fisher Scientific) %/ L C. &% v 7 &7 Y 10,000 f O AL D o
HEEME L 72, FEEIZ. 10,000 T O HHEE O PR EOFE L L TR L 7%,

FIVvATZ 2 ) VD IABLT v A

FIvAT7 ) v (Th) O AR, HESHEMBEEEZE 70 -394 P XA M) =TIk -
CTHHm L 72,

HE S MEREIR %17 5 BE 1. A431 MifZ% 35 mm glass-bottomed dish (C 2x10° cells/dish TH#%
L. 1 HIEEGE L 7212, FEEHTIC D-MEM(OH < 1 REFEIMIEAES E A2 T o 72, 2 0k, Mgz
D-MEM(-)"H C AF568-Tfn (20 ug/mL) % Yodal (1.5uM) DFELE N & 72 13 IEHFTE TIc BT 37°C
T 10 A v ¥ 2=+ L7, 20k, MU LD AF568-Th %FrET 5720, 7'V v v-HCI
Ny 77— (150 mM NaCl, pH3.0) T2 [RIEEHH L7z, & 51 PBS T2 [IPEH L 722, 4% PFA
W TERT 10 2[EE L, Hoechst 33342 (Sug/mL) % & PBS 25 L CEIR T 5 rfHL
M3l oRBREEETo 7, BEMBEHEZIE. 7F A7V 70kDalUV AR T v & 4 DFEICE
oo Y EhEL 72,
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Zu—H% A AT ET S BAIE. A431 HIIE% 24-well plate I 1x10° cells/dish THERE L
Toth. BAMUBREBISEIG & FERO IR A2 1T\, BEVE 2 Icila 2 R s 2, 7% A b 7 v 70kDa BLY
ABT v 4 DHECTEHOMYICTT—F A4 A MY~ A2 FEML 7=,

BALTTAIATRAA A=V VT

A431 flIfE % 35 mm glass-bottomed dish IZ 2x10° cells/dish THEFEL ., 1 HREEFE L 2%, S8
JIGLCT 7RIV R I v A7 27 v av L, MIEHIERIRECE 3 L 72, MifE% PBS T 2 A%
L. H#iz D-MEM(-) (150 pL. dish FRFF O H) ICE X2 72, #MfE% FV3000 BEMEE R 7 —
VI fHF oz~ 4 78 F v v oN— (STXG-IX3WX-SET. Tokai Hit) PNC 37°C ICHERF L 72,
D-MEM(-)H D3 (50 uL) #Xfie3 2 Ko ML FEER & 7z AQIREIC 7 2 X 5 @l L 7z, DIC
F X OHEHEISRIZ. 60 5L~ X (UPlanSApo. iHiZ. NA 1.35, Olympus) % fiz 7= FV3000
CLSM ¥ 27 2 (Olympus) ZfHEAL T 10213 202 & ICHUEL 72,

A431 i TD GCaMP6s Z 37z WV G LA X =T v 7

A431 il % 35 mm glass-bottomed dish I 2x10° cells/dish THEREL . 1 HERGE L 7214, GCaMP6s
TIAIFN%RMIVAT7 27 v av i, fild%z HBSS (400 mg/L KCl. 60 mg/L KH,POs, 8000
mg/L NaCl. 350 mg/L NaHCOs. 60 mg/L Na,HPO4-H,O. 1000 mg/L D-Glucose. 1 mM Ca?’, 1 mM
Mg &4 20 mM HEPES (pH 7.4)) Tyt L. Kz HBSS (150 uL. dish RO &H) ICiE &
Z72. GCaMP6s DHNMRIZ, XA LT TRATATRNA A= v 7OSFELREERIC, 15T ¢
WU L 72, HEIREE 1Y Image] ¥ 7 P v =7 (NIH) % L CHIE L 7z, Yodal (1.5uM) 12 X
% Caiii AL, GCaMP6s HHIEE DIRANE (Fna) & X—ZADfH (Fp) Dbe L TERIML 7%,

HEK293T Al TD Fluo-8 Z W7o WV VLA RX—T v

HEK293T #ifid% 35 mm glass-bottomed dish (T 2x10° cells/dish CTHEFEL . 1 HREJEEE L 72,
pPiezol (7L ¥ 2 RX) -IRES2-mCherry, pPiezol (A946-956) -IRES2-mCherry, pPiezol (A944—
946) -IRES2-mCherry, ¥ 7z13%¢~ 2 % — (pIRES2-mCherry) % TN ZN T v A7z avl
7zo HHE% Fluo-8 AM (5 uM. AAT Bioquest) T 45 43[E4LEE L, PBS T2 [P L 72, % Dk,
HIfE % HBSS Tk L., H5Hh% HBSS (150 pL., dish 9B D &) ICiE X2 72, Fluo-8 DHINE
H{RlZ, 2ALTTRAFA TN A=Yy FOSELRRIC, 152 LIS L 72, SHEEEIT
Image] ¥ 7 b7 =7 (NIH) %{H L CHIE L7z, Yodal (1.5uM) iC X % Ca* i AlZ. Fluo-8 &
HERE DA (Fra) & X—ZADfE (Fo) Dlbe LCERIML 72,

7 704 VIZX % F-actin Jb

A431 flfE% 35 mm glass-bottomed dish IZ 2.5x10° cells/dish THERE L, 1 HREEE#E L 2%, FHio
i IC— MR AR RE CREE L 72, M@ % D-MEM(-)""C EGF (20nM) & Yodal (1.5uM) & &
b 1T 37°C T 5 43 EALER L, 4% PFA (Nacalai Tesque) % F\»TEIR (~25°C) T 10 2RI E L 72,
Z Df%, PBS T2 [FEH L. 0.1% Triton X-100 % &% PBS Z W C=R (~25°C) T 4 /r[HEE
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I % AT 0 72, Z Dk, HIfE%E 1%BSA % & PBS &V TEIl (~25°C) T30 LT %
&ET7 8y ¥V 7 %{T\v, rhodamine £ phalloidin (Invitrogen) % & T 1% BSA AW % W T =
i (~25°C) T30 pfELE 3 2 & & T F-actin Z §2 1 L 72, 81521, 40041 v X (UPlanSApo.
NA0.95, Olympus) % fifi Z 72 FV1000 CLSM ¥ 27 4 (Olympus) Zfif L CfT>7, au=—o
WFICALIE T 2HIHED 5 B, 12 um LA_E D phalloidin D2 H 3 2Mid%. 7y 72K L 72
Mifge Ly v Lz,

AT T PR 5

MEHARIREE 1T L 72 A431 #llg %2 D-MEM(-)*'C EGF (20nM) & Yodal (1.5uM) & & % 37°C
TSHMEMBEL, 2% 27 A ZATAT e FEED 01M /1 3 PABRIEER (pH7.4) & 4% 37 F
LT AT T2 RHEE L7z, 2 VOVEERER CiifE, 1%UBLA R Ivaeathay
IR © 2 RFEIREDE L. ZKBK CHeifi. 1% @it 2 3 v 48 1%% v = VIRIC
L A EEYE (0-T0 1K) %1757, 20K, TX /7 — )L LR S (FR S 8H aep-1. H
S EWERT) CERFERICHIK L, AR I L a—%— (HPC-30W. Vacuum Device) TR (3 nm)
a—7 4 v 7L, BRI EEETHEME (S-4800. HIZBAERT) 1 X Y HIHEE 2kV <8l
=17,

Racl {&MELT v £ 4

Racl i&1#{L 7 v 4 41X, Racl Pull-Down Activation Assay Biochem Kit (Cytoskeleton) % {# i L .
A= —HAED 7 a b aricfto TEML 7z, A431 % 100 mm dish I 9x10° cells/dish T
L. 2 HERGE L 7215, EBROFTIC—WRIMEYIERIKRE ch5 L 72, #ild% D-MEM(-)" < EGF (20
nM) & Yodal (1.5 uM) & & %12 37°C TS5 94 v ¥ 2 _—+ L7z, M%K% PBS T 2 [mI¥E
H L7zt K LAy 77— (10mMMgClh, 0.5MNaCl, 2% IGEPAL & 50 mM Tris—HCl
(pH7.5)) 240 uL TAEL 72, ML 7 4 & — b Zim0 08 (10,000xg, 147, 4°C) L7ztk. LiE%
B L 72, 186072 BiED 5 % 30ul % X v o8 7 EERE ORIE B L O total Racl D720 D 7 4
— b OFBICHEA L7z, 7RV @ BifiE. GST % 7'fF & PAK-PBD £'—X & & %I 4°C T 1 R[]
AvFar—1L7, ©—=X%HFLIE, #H KX X7 % SDS sample buffer (2% SDS. 40%
glycerol, 5% 2-mercaptoethanol, 7% bromophenol blue % 60 mM Tris-HCI (pH 6.8)) Ti&EH L
726 5-20% polyacrylamide 77 ¥ = ¥ b 7 b (SuperSep Ace; FUJIFILM Wako Pure Chemical
Corporation) % i\ > C/EHf L 72#%. Trans-Blot Turbo Transfer System (Bio-Rad) %M\ »7z& I F 7
AKX 7 ey 74 v KXY PVDF RICHEE L 72, 55 & 172 PVDF %, 5% A ¥ 4 IV 27 &
ML 72 0.1% Tween-20 & TBS (TBS-T) IKiRL. Eif (~25°C) TIHERE S LT7my v
T EAT o720 X D, YR —KPUEEED S%AF LIV EH TBS-T IR L, 4°CTHREIRE
9 RJGE 72, PVDF % TBS-T T 10 40l 3 MR & 5 v L 7242, @Y & XY iz &8 5%
AF L IN7EH TBS-THICR L, Eifl (~25°C) T 1 KR 5 )G & ¢ 72, PVDF % TBS-
T T 1047/, 3 MR & 5 P L 7%, ECL Prim (GE Healthcare) T 5 73flMLEE L, LAS3000 mini

(FUITFILM) IZ X Wb 2B L 72 AW 2 PRI R DM Y TH %, anti-Racl (mouse

70



monoclonal, Merck Millipore, 05-389, 1:1,000). anti-B-actin (mouse monoclonal, Sigma-Aldrich,

A2228. 1:10,000). anti-mouse IgG HRP (goat polyclonal, GeneTex. GTX213111-01, 1:5,000)

JIARY 7y |
A431 #lifd % 6-well plate IC 3x10° cells/well THEFEL . 1 HERGE L 725 &, —HuliE ALK RE T

Hi#g L 7=, Milg% D-MEM(©)" T EGF (20 nM) & Yodal (1.5 uM) & & b1 37°C T 5 77[H A ¥
F 2 _— b L 72 Mg % K PBS C 2 [815EHr L 72 . protease inhibitor cocktails (Roche) & phosphatase
inhibitor cocktails (Roche) % & %5 100 uL ® RIPA buffer (150 mM NaCl, 1 mM EDTA. 1% Triton X-
100. 0.1% SDS. 0.1% sodium deoxycholate & 50 mM Tris-HCI (pH 7.6)) T X - CTiAfiE L 7z, Hlifa
I A& — b & OorEE (16000xg, 20 97, 4°C) L7z, EiEZBINL 72, biED & v o8 7B
% BCA protein assay using Pierce BCA Protein Assay Kit (Thermo Fisher Scientific) (< X - THI5E L.
SDS sample buffer HC 0.5 pg/ul 1722 X 5L 7z, &H v TN 20 )L DT 4 £ — b+ % 520%
polyacrylamide 7°7 ¥ =~ + 7L (SuperSep Ace; FUJIFILM Wako Pure Chemical Corporation) % Ff
WCEB L 72, Z D% O IE Racl &AL T v & 4 DIICEEHEOE Y TH %, EGFR I X U Vav2
TR 3 2 B8IC i, pEGFR ¥ 7z 1% pVav2 Z & L 72, Restore PLUS Western Blot Stripping Buffer

(Thermo Fisher Scientific) “C PVDF g% 5 73R 5 9L L CA M U v 7L 724%, TBST T 10 73
fi] 2 [P L. R\»T EGFR £721% Vav2 ##H L7z, L Z29ikIE R0 Y TH %, anti-p-
actin (mouse monoclonal, Sigma-Aldrich, A2228. 1:10,000) . anti-EGFR (rabbit monoclonal, Cell Signaling
Technology. 4267, 1:1,000) . anti-pEGFR (Y1068) (rabbit polyclonal, Cell Signaling Technology. 2234,
1:1,000) . anti-Vav2 (rabbit monoclonal, Cell Signaling Technology. 2848, 1:1,000). anti-pVav2 (Y172)

(rabbit monoclonal, Abcam, ab86695. 1:1000) . anti-rabbit IgG HRP (goat, Cell Signaling Technology.
7074, 1:2,000). anti-mouse IgG HRP (goat polyclonal, GeneTex. GTX213111-01, 1:5,000)

AL pH HIE

A431 il % 35 mm glass-bottomed dish C 2.5x10° cells/dish THEFEL . 1 HEH#E L 72, g% D-
MEM(-)* T SNARF-5F AM (20 uM, Invitrogen) & & % IC 37°C T 30 43[4 v ¥ 2 X — } L 7214,
PBS T2 [H[## L. Yodal (1.5uM) % &t D-MEM(—)ZZHI LT 37°C T 10 M4 v F 2 ~— b
L7z, MBS pH 2K T X3 K57 4 7av bu—1 e LT, EIPA (25uM) % D-MEM(-)H'C
37°C T 30 Sy [ILEL L 72, 815213, 404 L > X (UPlanSApo. NA 0.95, Olympus) % fi Z 72 FV1000
CLSM ¥ 27 2 (Olympus) % f{#HF L CT{T» 7z, SNARF-5F AM IZ 559 nm T2 & 41, 585 nm ¥
X645 nm DHIEY 7 F A FFHETT 5 72010, ZNZ N 570-600 nm F L U 630-660 nm O i fH
THER ARG L7z, S Image] ¥ 7 b7 =7 (NIH) ZfEH L CHIZE L. 585/645 nm D
Ko ZF A EHEL 72, MEMEERT 3 7-0ic, Mgz Eio X 9 i SNARF-5F AM & £ v
Fax—FL, F¥UTL—vary 77— (130mMKCl, 10mMNaCl, 1 mMMgSOs&H 10
mMMOPS (pH6.2. 6.6, 7.0, 7.4, 7.8, £7-1382)) T2[¥H L. =Dk, MAEWN pH % Mgyt
pH & i3 % 72912, nigericin (10 pg/mL) 2 &L F ¥ V7L —v a v Ny 77— CTER

(~25°C) TISHA vFax—1 L7,
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A e A=

WST-8 7 v & 4 % Cell Counting Kit-8 ([F{ZALERFFERT) ZH VT A=A =D 7w b aric
B0 T o 72, A431 MIfE% 96-well plate IZ 1x10* cells/well TREFEL . 1 HREEGE L 7z, % Dk,
g% DMSO % 72 1% Yodal (1.5 5 X U 3uM) % & D-MEM(+)H T 37°C T 4 R L 72, 81
% 3 2500k, Mld% —it D-MEM(O) TR E T % 2 & CIENIEIREEIC L 2%, DMSO %
7213 Yodal (1.5 3 X U3 uM) % & D-MEM(—)H T 37°C T 30 50 % 7213 4 BFELEE L 72, 2 D
%, g% PBS T2 [MPEHF L. &7 = 1T 100 uL D D-MEM(-) & 10 uL @ CCK-8 s % N % 72,
MR % 37°C © 2 WS L 72 t%. WOEEE (Agso nm—Ageo nm) % HIE L 72,

fta HULER
TRCOT—ZF, FRICEEHEH VIR D . 3B LBV ENRIE (n=3) 0¥ + i
3% (SE) & LTRL7=, $EHENTIZ 3T IMPPro 14 (SAS Institute) % i\ >THT - 72, 2 B
D I I, Student D t BUE 2 L 720 L EEIC I, —TTECE D53 EUHT (one-way ANOVA)
%ﬁo Tt fe CTHREE O BB 24T 5 Y561k Tukey © HSD B3E, =2~ b | ~JVﬁ$}: D ZAT
13 Dunnett DRRE Z{To 72, FIHINAZPIEA 005 LV /NS WERICHELRELRD L L A
=L 7,
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5 2 EDFER
st

D-MEM. D-MEM low glucose. o-MEM, RPMI 1640 55, valinomycin, gramicidin (& FUJIFILM
Wako Pure Chemical Corporation 2> 5 A L7z, 7 i (BS). v ¥ AREIME (FBS). Opti-MEM
I¥ Gibco 2> LA L 7z, Lipofectamine LTX, Lipofectamine RNAIMAX, Hoechst 33342 I Invitrogen
2 HEA L 7z, Propidiumiodide. Puromycin (% Sigma-Aldrich 2> 5 A L 72, TRAM-34, SKA-31 I&
Tocris Bioscience %> & i A L 7z, Alexa Fluor 488-labeled dextran 10 kDa, TMR-labeled dextran 10 kDa.
DiBAC4(3) % Thermo Fisher Scientific 2> 58§ A L 7z, BAPTA-AM I¥ Abcam 2> H A L 7z, i3 iL
DETHNEA — A — T 2B D L, SEL. -30°CIC TEREFL 72,

~7F FEK
L17E & L9E (¥, Rink Amide AMresin % Fl\>C, <=7 F FHEEHERE Syrol (Biotage) 1 &

HEIA L 72, FITC 5% L 72 L17E (L17E(FITC)) (IR ICHRE I N T 2@ G L P, &
KD~ 7'F FEfE% . TFA/EDT (95:5 (viv)) HCER (~23°C), 3 KFHLE T 2 & & CHIlE2
Lot L & BREEIT - 72, KELIZ, COSMOSILsCisAR-II7 7 2 (Nacalai Tesque) % 27z
WM HPLC I X V1T o /2o AHBLL 72 =7 F FIddifEHc %, MALDI-TOF MS CTHEEZHIE L 72,
~7'F F i DMSO ITHAf# & 2, 30°C TIRIEL 72 B L2 ~_7F Vo7 I/ BEidy| & e (R
HHE m/z 3 X CBRERIE[M+H]Y) 1ZRDEY TH 3,
LI7E : INLTALKFLGKHAAKHEAKQQLSKL-amide

FEHE : 2859.0, PEGMMHE : 2858.7
L9E : IWLTALKFEGKHAAKHLAKQQLSKL-amide

FEHE : 2859.0, PEGMAE : 2858.7
L17E(FITC) : IWLTALKFLGKHAAKHEAKQQLSKLGGK(FITC)-amide

FEHME © 3489.9, PHEMMH : 3490.19

A el £
sk % BR < & ToMidiz, 10% (viv) FEEIE FBS % &% D-MEM K5 (D-MEM(+)) H Tk
L 7z, HeLa fllfE1% 10% (v/v) FE@IL BS % & o-MEM 55#l (a-MEM(+)) HCHiE L 7z, SISAL
HIREIE 10% (viv) FEMIL FBS % &1 RPMI 55H1 (RPMI(+)) thCHs# L 7z, HEK293T Mifidi 10%
(viv) JEMIL FBS % &K 2 v 2 — 2 D-MEM §5# (D-MEM LG(+)) HCH# L 72, 4 C DAl
I3 37°C. 5% CO2 &efFCHEE L, 80-90% 2 ¥ 7Ty k DIRRET 2-4 HZ & KR & T 72,
BRicix, MEUBC1-15 ofifle 2 w7z, BRI, FriCiEED R WIR Y . JEMIL FBS 2 & % 7\ D-
MEM £l (D-MEM(-)) HCfTo 720 EEHOMAEIA v F a2 _—v 3 Vid, FICTEED R WIRY |
37°C. 5% CO» 5eF CTIT o 7o o RE TH W 72 MUK TR D Y ¢ & %, HT1080 (human fibrosarcoma.
JCRB. JCRB9113), MIAPaCa-2 (human pancreatic cancer, RIKEN BRC, RCB2094), MDA-MB-231
(human breast cancer, ATCC, HTB-26). U20S (human osteosarcoma, ECACC, 92022711). HeLa
(human cervical cancer, ECACC, 93021013) . SW480 (human colon cancer, gift from Dr. Hiromu Suzuki,
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Sapporo Medical University). A549 (human lung cancer, RIKEN BRC. RCB0098). MCF7 (human
breast cancer, ATCC, HTB-22). LoVo (human colon cancer, gift from Dr. Hiromu Suzuki, Sapporo
Medical University) . T24 (human bladder cancer, JCRB, JCRB0711), SISA1 (human osteosarcoma.,
ATCC, CRL-2098), HEK293T (human embryonic kidney, RIKEN BRC, RCB2202)

75 2 3 PR

PX495-KCNN4 : KCNN4 % % —%"» F £ 4% CRISPR/Cas9 77 % I I (PX495-KCNN4) (%,
KCNN4 #1570 774 Fiids] (GCCAGGTGCGGCTGAAACAC) % . pSpCas9(BB)-2A-Puro (PX459)
V2.0 (Addgene #62988) @ Bbsl HRAZICE AT % & & CTIERLL 72,

ANXA4-EGFP : t  ANXA4 %. HeLa i3k ® ¢cDNA 74 7°7 U — (total RNA Offiii &
¢cDNA ~DHEE D7k ) T Z 4 LER PCR DIEAZZIR) ##He LT, 774 ~—xT 5'-
GGAGAATTCATGGCCATGGCAACCAAAGGA-3’ ( forward ) & 5'-
GGAGGATCCGAATCATCTCCTCCACAGAGA-3" (reverse) % F\»7z PCR IC X » #41lE L. pEGFP-
N1 (Clontech) @ EcoRI/BamHI # A FIZEA L 7=,
pEGFP-C1 : pmCherry-C1 (Clontech) ® mCherry &l%3 % . pEGFP-N1 2> & #ilii L 72 EGFP IC{& & {1
A 77

EGFP-KCa3.1 : & I KCa3.1 Z. HT1080 #ldik D cDNA 74 77V —% ML LT, 774
~ — = 7 5-GGAGAATTCTATGGGCGGGGATCTGGTGC-3* ( forward ) & 5'-
GGAGGATCCCTACTTGGACTGCTGGCTGG-3" (reverse) % FH\>7z PCR IZ X Y ¥4 L . pEGFP-C1
® EcoRI/BamHI % 4 FICEA L 7z,

FLAG-KCa3.1:FLAG % 7' ® 3 [al# b 3% L fit41 (MDYKDDDDKGDYKDDDDKGDYKDDDDKG)
% a — F El % i = =h ) R

( ATGGACTACAAGGACGACGACGACAAAGGTGACTACAAAGATGATGACGATAAAGGCGAC
TATAAGGACGATGACGACAAGGGA) % . NEBuilder HiFi DNA Assembly (NEB) % Fi > T, pcDNA3

(Invitrogen) T KCa3.1 & N KIlcEA L 72,

FLAG-KCa2.1 : & } KCa2.1 %, IDG KCNN1 OE 1 (Addgene, #161693) %##M & L <, 77
4 = — 7 5.GATGACGACAAGGGAATGAACAGCCACAGC-3" ( forward ) & 5'-
ATATCTGCAGAATTCTCACCCGCAGTCCGA-3" (reverse) % F\>7z PCR I X Y 3§ L. FLAG-
KCa3.1 ® KC3.1 47 % . NEBuilder HiFi DNA Assembly % Fi\>C KCa2.1 & & &1 x 7=,

FLAG-KCa4.1 : & } KCa4.1 %, pcDNA3+hSlo2.2 (Addgene, #16214) Z§Hl e LT, 774~
- = 7 5'-ATGAGCGACCTGGACTCCGAG-3 ( forward ) L 5'-
ATATCTGCAGAATTCTCAGAGCTGTGTCTC-3" (reverse) % fI\»7z PCR I X b ¥4l L. FLAG-
KCa3.1 ® KC3.1 43 % . NEBuilder HiFi DNA Assembly % F\»C KCa4.1 & & & #2272, pcDNA3+
hS102.2 HORLHINIC 1 bp Z25 & 63 bp DIFADER I N 7o, TNDLEEIEL 72,

FLAG-Kir2.1 : & } Kir2.1 Z, HT1080 Ak D cDNA 74 77V —%§H L LT, 774~
— 7 5. GGAGGATCCATGGGCAGTGTGCGAACCAAC-3* ( forward ) & 5'-
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GGAGAATTCTCATATCTCCGACTCTCGCCG-3" (reverse) % fl\»7z PCR IC X 0 ¥4lE L. FLAG-
KCa3.1 ® KC3.1 #5473 % . NEBuilder HiFi DNA Assembly % F\»C Kir2.1 & & & #az 7z,
GCaMP8s-CAAX : K-Ras 13D CAAX £ F — 7 (GAGAKEKMSKDGKKKKKKSKTKCVIM) %
a — F El % i = =h 7] R
( GGAGCAGGAGCAAAAGAAAAGATGAGCAAAGATGGTAAAAAGAAGAAAAAGAAGTCAAA
GACAAAGTGTGTAATTATG) % . NEBuilder HiFi DNA Assembly % ffl\>C, pGP-CMV-jGCaMP8s
(Addgene) T GCaMP8s @ C KIfICEA L 7=,
TRTCDOT 7RI FORfgh% DNA & —%7 ~ & (Eurofins) 1T & - CTHEFR L 72,

TI7AIRNNTI VAT 2O av

TIAINDM T VA7 22 avid, Lipofectamine LTX ZH\WT, A—h—#5Eo 7w + 2
W > T T o720 &7 7 A I F & LTX ikZE. PLUS reagent % Opti-MEM HCEA L. ZIT S
DEHE L7z, Z 0%, M2 ST EA L. Inzfilgiciml 7=, Miaz 4 K4 v ¥ 2
R—yvavlzth, FTIZXIFNREL NI VAT o7y a VB ERE L, % & T %
RIS U7z P IV RT7 273 a v 24 WIS L 7-Mg 2 ZERiCH 7=,

SIRNA P 7V A7y av

SiIRNA O+ 7 v A7 =27 ¥ 3 Vi, Lipofectamine RNAIMAX % fl\»C, X = —fEo 7o
INTHES TIT o 72, £ siRNA & RNAIMAX A3 % Opti-MEM FCiRA L. EiRT 5 9fE L
oo 0%, MHEGTEMLEREAL, ChEMIICHEML 72, % 6 B4 v % 2<—3 5
VLR SIRNA 250 P 7 VY R 7 27 v 3 VIR ZIRE L, MLE 2 & itz #ifdicaism L 7,
NI VRT 27 v a vk 72 WEETE L o MliE 2 RERICH . ABFSE TV 72 siRNA (R i
Y TH %, Control siRNA: ON-TARGETplus Non-targeting Pool (Dharmacon, D-001810-10-05), CHC
siRNA: MISSION siRNA for clathrin heavy chain (Sigma-Aldrich, SASI Hs01 00208103). Racl siRNA:
target sequence 5-GGAACUAAACUUGAUCUUAGGGA-3' (Nippon Gene). KCNN4 siRNA: ON-
TARGETplus Human KCNN4 siRNA SMARTPool (Dharmacon, L-004461-00-0005)

KCNN4 KO U208 #fukk D37

KCNN4 KO U20S #flif@#k % . CRISPR/Cas9 > A7 L% FWTHI. L7z, & F KCNN4 %/ v 7T
Y rT 500 H4 Py —27 v 2 (GCCAGGTGCGGCTGAAACAC) 1. CRISPRdirect

(https://crispr.dbels.jp) % FAWVTHRE L 7z, U20S Mg % 60 mm dish IZ 5x10° cells/dish THERE L .
1 HEF#IC, PX459-KCNN4 77 A I F (4pg) 27V A7y av iz, FPI7VAT7 Y
va vk, 1 HREESE L 721, puromycin (1 pg/mL) ZHEHUCHIML, 3 HREREE L 2, Z Dk,
gz PBS T 2 [k L. puromycin % & % 72 WIEFHIH T, 100mmdish = ¥ 7 v v b ¥ TH#E
L7z, ZOMilE%. 96-wellplate IC 0.5 cells/well TIEREL, MHE 22 2 & T, RAFREICL -
Ty vk sa—viEg,
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77 LS DR

VNN R —ICE T B KCNNA /v 7TV M, 77 L DNA OEHEFHIPE IC X b i
A L7z, U20S Ml (WT & X ' KCNN4 KO) % 35 mm dish I 2x10° cells/dish CHEFEL . 1 HFY
gLz, 2o Ofifdd 5. GeneArt Genomic Cleavage Detection Kit (Thermo Fisher Scientific)
FHWTY ) L DNA ZHH LA, o7y /7 L DNA 226, 774 ~—7T 15~
CTGGGTACCTGGGTTTCTAC-3" (forward) & 5-AACACTGGGGTTCTTTGTGC-3" (reverse) % i
W72 PCRIC X Y| CRISPR/Cas9 X —7 v + L ORI % HElE L 72, HEHEECY] % . DNA Ligation Kit
<Mighty Mix> (TakaraBio) %\ »72 TA 7 0 —=v Z77KIC X Y | T-VectorpMD20 (TakaraBio) IC
AL, 77 A P72 —thicifi A E n/zlidd] % DNA & —% ~ & (Eurofins) 1T X o THEZR
L7z,

Pl NTEfL I X N ANXA4-EGFP JRED X A 1T 7 A%

U208 #ifg% 35 mm glass-bottomed dish T 2x10° cells/dish TIFREL ., 1 HREEE L 72, Mifaic
ANXA4-EGFP 77 Z 3 F (400ng) #F 7 v 27 =2 av L, | HEEEL 7=, fMld% PBS ©
2 [\IFEH L, B5i % D-MEM(0)ICIE Z 2 72, Ml Z BB O 2 7 — VICIY ff i b iviz~< A 7 |
F % v 38— (STXG-IX3WX-SET. Tokai Hit) PNiC 37°CCHEHE L 72, 35 mm glass-bottomed dish %> &
D-MEM(O) % FRZE L, ERICX A L7 7 A xsg % blihi L7z, DIC & X ' EGPF & PI O #Hif{ %
10 B 2 L g &5t 5 oIS U 72, #Rsghiia 30 41, L17E (40 uM) & PI (50 pg/ml) % &%
D-MEM(-) (200 pL) % dish ED 77 ZFSCHIML 72, #gid. 60xxf#)1L X (UPlanSApo.
iR, NA1.35, Olympus) % %fi L 72 FV3000 CLSM > 27 4 (Olympus) % L CTfT > 72, fi#
BriZ, Image] ¥ 7 b7 =7 (ON—Y 22140, NIH) %{HEHL CTfT- 72,

PIEET v A

LI7E iIC X % Pl %4 + Y uk#Esh®R (3, LI7E {77E F T PI 2’N7E(L L 2z fMifg o El & %2, e
MBAMEREE L 7a—3 A A b ) —f#TIC X o CTEHI L 72,

HE S PEMEEEIR 21T 5 BA 13, MIlE% 35 mm glass-bottomed dish (T 2x10° cells/dish THEFE L .
1 HiER5#8 L 72, Mg % PBS T 2 [MIpE¥ L 72, L17E (40 uM) & PI (50 pg/mL) % & D-MEM(-)
G L, 37°CTS A4 v ¥ 2=+ L7z, 2%, fMild% PBS T2 [\I%E#H L. Hoechst 33342

(5 pg/mL) % & D-MEM(-)Z#5- L, 37°CT 5 /L3 2 & & TR % 1T - 72, il % PBS
THHE. D-MEM(O) % IS L 72, 812213, 60xx# L v X (UPlanSApo. &, NA1.35, Olympus)
% %&fif L 72 FV3000 CLSM ¥ 2 7 2 (Olympus) % fEH L CfTo 7z, f#MTIZ, Tmage] ¥V 7 bV =7

(=22 2.14.0, NIH) ZflHLTiT- 7,

Zu—H%A b AU ELT S BRI, fIfEE 24-well plate I 5x10% cells/well THEREL . 1 HFH
e L7z, Mil@% PBS T2 [MPE# L 72%. L17E (40 uM) & PI (50 pg/mL) % & D-MEM(-)%
5L, 37°CT 5L 7z, 20k, fMifd% PBS T2 [IZEE L. 0.05% trypsin T 5 7 [ELEE 3 2
e ciifleE 7L — b2 bR ¥, 2 Dk, D-MEM(H) M A CHIIEZ @\ L., chzF a2 —
7N L 72, MRS % w0508 (800xg, 25°C, 547) L. b 7-fild~L v b % PBS T L
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Too TOVEHIRMEE P VIR L 2%, RAWICHIAEE 500 pL @ PBS TR L. Attune NxT
flow cytometer (Thermo Fisher Scientific) %fEH L C, &% v 71L& 721 10,000 fil O o HLE
ZHIE L 72,

SiRNA F 7 VA7 =7 v avifT)86. fildx 6-well plate IC 2x10° cells/well TREREL . 1 H
8 L 721%1C. 2~ b 7 — )L siRNA (ON-TARGETplus Non-targeting Pool, Dharmacon) (20nM)
¥ 7213 KCNN4 siRNA (ON-TARGETplus Human KCNN4 siRNA SMARTPool, Dharmacon) (20 nM)
I VATZ7 v av i, 48 FHEIZIC, 35 mm glass-bottomed dish ¥ 7z 13 24-well plate I Z 41
Z 3 2x10° cells/dish F 7z 1% 5x10* cells/well THHEM L 72, Z DR OEERIL, FHEM D > 24 W%
(SiRNA F 7 v 2727y avhb 728E#%) . Loy 7572,

TIAIVNMIVARTZ 7Y aviiTH)EA. Mlg% 35 mm glass-bottomed dish F 7z 1% 24-well
plate 12 Z 1LZ 1 1.5x10° cells/dish F 72 1% 5%10* cells/well THEREL . 1 HER&ERKIC, HWDO 7 7
AIF (400ng) P F VAT v av iz, BBRIZ, TI2RAIFN P I VAT avhb 24
Fefiltgic, EiRo@ Y 7o 72,

SKA-31. TRAM-34 ¥ 7z valinomycin LB % 1T 5 556, #MifE% PBS © 2 [BIPEH L 7212, SKA-
31 (10 pM). TRAM-34 (10 pM) Z 7z 1F valinomycin (10 pM) % & D-MEM(-) % #%5- L. 37°C
T 5 R AT o 72, 2 Dk, KikdE % & D-MEM(©H T Pl 5 X ' L17E % Lo b 4L
ML 7,

HEPES #E@ELEE % 17 5 356, Mid% PBS €2 Mgk L 72, B4 2B D KCl F X U NaCl
% & ¥ HEPES #&##% (1 mM MgCl,, 1.8 mM CaCl,, 10 mM D-glucose. 20 mM HEPES. pH 7.4 T,
KCl (5.4, 10, 20 £ 7z1% 140mM) ¥ X OF NaCl (140, 135.4, 125.4 £ 721 54mM) % KCl & NaCl
DIREDEFID 1454 mM ICR72 12 KO ICRIML72d D) %25 L. 37°CT 30 04 v F 2 X
— b L7, 2D, % HEPES R <Pl 5 X LITE % Lo h LB L 7z,

BAPTA-AM JLEE % 1T 5 54, g% PBS T 2 %4 L 72#%. BAPTA-AM (40 uM) % &% D-
MEM(-) % $¢5-L . 37°CC 30 S [ElRTLE L 72, % D%, PBS T % 1T\>. BAPTA-AM %# & % 7x
W D-MEM(O)H'CPI X LITE % L@ b U L 72,

Thapsigargin YL %17 5 &, Mifd% PBS T 2 [HIPEH L 724, thapsigargin (5 uM) % &% D-
MEM@) % #5- L., 37°CT 10 7> AT L 7z, % Df%. thapsigargin % & ¥ HBSS (400 mg/L KCl,
60 mg/L KH,PO4. 8,000 mg/L NaCl, 350 mg/L NaHCOs3. 60 mg/L Na,HPO4* H>O. 1,000 mg/L D-glucose.
1.8 mM CaCl,, 1 mM MgCl, &% 20 mM HEPES (pH 7.4)) "1 C Pl 3 X O LI7E % bl i b WL
L7,

EGTA WU %17 5 B4, RiLEIX{TH T, EGTA (2.5mM) % &% HBSS TPl 35 X INLITE %
EiRoiE b AL L 72,

TH¥FAbL 7V 10kDakET v A4

L17E fEE T CHE#T ¥ A + 7 v 10 kDa 2EMNICBEAT L 7281 % . JLEE s aMMEE % v
THIZE L 7z, MIE% 35-mm glass-bottom dish T 2x10° cells/dish THEAEL . 1 HREEEE L 7z, Mz
PBS T2 My L. L17E (40 uM) & AF488-dex10 (200 pg/mL) ¥ 7z (% TMR-dex10 (200 pug/mL)
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ZE&T D-MEM() %5 L, 37°CT5 M4 v F 2 _— 1+ L7z, 2Dk, #lid% PBS T 2 [\IPH
L. Hoechst33342 (Sug/mL) % & D-MEM() %5 L., 37°CT5 4 v Fax—+F 52 L
TR 2T > 72, HESBEMETIC X 28155 X ORI X, PLEET v & A OIHICEHEH OE
DWEMBLZ, 77AIFDI TV RT7 273 aviITHIBEOERIL, PLIEET vt A4 DIHICEH
DY Efe L 7=,

EIE T FI & L17E i1 o dH B T

R TFIT — 213, CCLE ICEHFI N T3 1019 O v b BSAMIIERD Kty — 7 v 9
—ICX B RNA =7 VADIER P OHUG L 72, 2OTF—Z_X—ZH DY 2 F 55, KifgET
L 72 11 B O MMk 208 IR L, ZMifakicowT, BRI T3 T ToEETFOREE
F—Z2%tsv 7 7 ANER TG L 72, BUGLEETD 5 b, #oic 11 MEO Mk e T oF
BHLTWw3 16487 B T2t Lz, Kic, 11 offifatkics 3, S8 TERORIREL LITE
IC X 2 PI NiEERNROMBGREE. b 16487 BT T _XCIKH L CEE L 72, 7 — X fi#fT
l%. Microsoft Excel (Microsoft) & UFR (»¥— 3 v 4.3.1, RDevelopment Core Team) % f#H L
T. RStudio (»X—7 =3 ¥ 2023.12.1+402, RStudio PBC) TiT- 7z, W BRI E FFoBT 0
RYNXIE Ay BT — ZENTIZ. STRING (https://string-db.org/) ZfHEH L TT - 72,

Y 72 A LER PCR
MfE % 35 mm dish IC 2x10° cells/dish THEREL . 1 HREREE L 72, MIE% 0.05% trypsin T 5 43
QPR L C 8 X 2, NucleoSpin RNA Plus (Takara Bio) % F\>C total RNA % [F[IY L 7z, 2 pg D b
— Z L RNA % PrimeScript RT Master Mix (TakaraBio) % F\>C cDNA ICHHEE L7z, )V T A% A4
L€ & PCR (. PowerUp SYBR Green Master Mix (Thermo Fisher Scientific) % F\» T QuantStudio
3 Real-Time PCR System (Applied Biosystems) Z & W7o 7z, EH 4 713, 95°C (3 47). [95°C
(5F) & 60°C (30F) 1% 40 ¥4 7 ViV IRFT M TIT o 72, mRNA ORBEOFHMiIX, &K
DOIFNT/RIEY B CT D L S BREMEIC X V1T 72, 2T DEERT GAPDH % ZIRE(5
FeLTHwE, HLZT74~—FERDEY TH b, 5-CCTGTTCGACAGTCAGCCG-3
( GAPDH forward ) & 5-CGACCAAATCCGTTGACTCC-3" ( GAPDH reverse ) . 5'-
CATTCCTGACCATCGGCTATGG-3" (KCNN4 forward) & 5-GCCTTGTTAAACTCCAGCTTCCG-3’
( KCNN4 reverse ) . 5-TGAAGTTGGCACACCACCTA-3* ( CHC forward ) & 5'-
TGGCTTCATGAGGTGCAGTA-3" (CHC reverse). 5'-GCCAATGTTATGGTAGAT-3" (Racl forward)
& 5'-GACTCACAAGGGAAAAGC-3" (Racl reverse)

JIAZRY 7wy |
fAE % 12-well plate I 1x10° cells/well TREREL . 1 HREEEE L 72, Miflgic 77 2 I F (800 ng)
b7 vRAT7 227y av i, 1 HBIC KA PBS % W C 2 [APEE L 7214, protease inhibitor cocktails
(Roche) & phosphatase inhibitor cocktails (Roche) % & %r 100 uL @ RIPA buffer (150 mM NaCl,
1 mMEDTA. 1% Triton X-100, 0.1% SDS. 0.1% sodium deoxycholate & 50 mM Tris-HCI (pH 7.6))
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IS & o THEMREL 72, MM Z 4 & — b &0 HE (16000xg, 20 77, 4°C) L7z, R EULL 7=,
LD & v oI % BCA protein assay using Pierce BCA Protein Assay Kit (Thermo Fisher
Scientific) 1Z X - CHIE L. SDS sample buffer (2% SDS. 40% glycerol, 5% 2-mercaptoethanol,
% & @ bromophenol blue & 60 mM Tris-HCI (pH 6.8)) HC 0.5 ug/uL 172 % X 5 WL 7=, &V
V7N 20 uL ®F 44—+ % 5-20% polyacrylamide "7 ¥ = v b 7L (SuperSep Ace; FUJIFILM
Wako Pure Chemical Corporation) % F\»CJEBf L 727%. Trans-Blot Turbo Transfer System (Bio-Rad)
G2 IFI2ART vy 74 v 7RI X Y PVDF BRICHRE L 7z, #25 X 1172 PVDF %, 5%
AF L INT ZEEIL 72 0.1% Tween-20 &4 TBS (TBS-T) IR L. Fift (~25°C) T 1 Ieftlfik &
ILTTRYy XV T RToT, XD, WY —RPhZ2ET 5%AF L INVT&H TBS-T IKiR
L. 4°CTHRAEIR L 5 )G 72, PVDF % TBS-T T 10 73l 3 [FHR & 5 Bk L 7244, @Y 75
TRVMAEEED S%AF L I EH TBS-T IR L, Filk (~25°C) < 1 Rk & 5SS & &
7zo PVDF % TBS-T < 10 73fH. 3 MR & 5 Peifr L =¥, ECLPrim (GE Healthcare) T 5 Z)fA]AL
B L. Amersham ImageQuant 800 (Cytiva) IZ X WL FZFRAEEBRM L 72, I L 2HURIZRDOE Y
T® %, anti-FLAG clone M2 (mouse monoclonal, Sigma-Aldrich, F3165, 1:4,000) . anti-B-actin (mouse
monoclonal, Sigma-Aldrich, A2228, 1:10,000). anti-mouse IgG HRP (goat polyclonal, GeneTex.
GTX213111-01, 1:5,000)

PEG

H#E % 35-mm glass-bottomed dish | 1C 1x10° cells/dish THEFEL . 1 HERGE L 7z, fMifdic 77 =
IF (400ng) A+ T v A7z vavl, 1H#IC, PBS T2 EPEHL 72, 4% PFA (Nacalai
Tesque) % HAWVT=ER (~25°C) T 15 0RIET L7z, D%, PBS T2 [HPE4 L. 0.1% Triton X-
100 % & PBS & AW CER (~25°C) T 15 M@ % 1T > 72, FHEL, PBS T 2 [IF4 L,
1% BSA % &% 0.1% Tween-20 &H PBS (PBS-T) ZM\WCTEji (~25°C) T304 M7my F v 7
ZfTo 720 Z D, #Mild% anti-FLAG M2 antibody % & 1% BSA & PBS-T H ¢, =i (~25°C)
T1HEA v F 2= 3 v L7z, Mild% PBS-T T 10 4fE. 3 IR & 5 e L 72t%. AF488 15k
anti-mouse IgG antibody % & 1> 1% BSA &H PBS-T T, =il (~25°C) T 1A v Fa—v
a v L7z, fifd% PBS-T < 10 47fH. 3 R E 5 e L 72#%. Hoechst33342 (5ug/mL) % &% PBS
ZHMML. Eilh (~25°C) <5 oMMl 2 G L 7=, BEiIE. 60 L v X (UPlanSApo. i
2. NA1.35, Olympus) % %fi L 72 FV3000 CLSM > 2 7 2 (Olympus) % {#H L CTf7 o> 72, fi##T
13, Image] Y 7 b 727 (N—3 2 v 2.14.0, NIH) 2 L T o 72, fH L 25UAIZRDME Y
T® %, anti-FLAG clone M2 (mouse monoclonal, Sigma-Aldrich, F3165, 1:300). anti-mouse IgG Alexa
Fluor 488 (goat polyclonal, Invitrogen, A11001, 1:2,000)

HEEE A

FEEEATHE X, BEAESZ M 7 v — 7 DIBACs(3) % T, BERDIE D 12T - 72 177, Mg % 6-well
plate IZ 3x10° cells/well CTIEREL . 1 HREESE L 72, 7L — + EOMIiE% TrypLE Express (Thermo
Fisher Scientific) % Fi\» CRIEfE L . D-MEM(+) % Il 2 TIIX L 72 %, =050 (800xg., 25°C. 5 47)
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BohzMilg<Lr v b & D-MEM(+)H & L 7z, MIZSE & DIBAC(3) (200nM) % &
D-MEM(+)%. 1:1 OE|& T DIBACs3)DIRES 100nM 1278 5 X 9 24-well plate £ TIRA L. 37°C
TR0 MA vFar— b+ 32T, BEMIMERY Y 7LE LT,

HEPES R 2 1T 5 B 6. 0k ofMiidz ., 57 2R © KC1 ¥ X U NaCl % & ¢ HEPES
TR GEIZ PLISET v A4 DX 7 v a VICHEHOEY) duc@E L. 37°CT 30 M4 v *
2=} L, 2Dk, #NFNDOREEIR T T DIBAC,3) (100nM) & i 37°CT 20 431, 24-well
plate L CTA v F a2 x—F+ L7,

Vahnomycm WFE % 1T 5 By, i@ 0 OMAE % . D-MEM(+)H C valinomycin (10 ;,LM) & ki 37°C

5574 v F 2 _—1F L, Z D%, valinomycin F£7E I T DiBACs(3) (100nM) & F£iZ 37°CT 20
/\FEJ 24-well plate = CTA v F 2 xX—F L7,

TRAM-34 I X UF SKA-31 ML % 1T 5 54, i@ 0B DMl % . D-MEM(+)H C TRAM-34 (10 uM)
¥ 7213 SKA-31 (1opM) ki 37°CT 504 v F 2 _—F L, Z Dk, TRAM-34 5 X UF SKA-
31 f7E F T DiBAC4(3) (100 nM) & 31T 37°CT 20 4r[E]. 24-well plate T4 v F 2 ~— 1+ L7z,

BAPTA-AM WU % 17 5 56, 6-well plate - O#fifid % D-MEM(-)*# C BAPTA-AM (40 uM) & 3t
IZ37°CT 3074 vF 2=+ L, 7L — b2 bRIEfELELL 2%, BAPTA-AM % & % 72\ D-
MEM(+)H T, 37°CT 20 43f#]l, DiBAC43) (100nM) & Hicf v F ax— 1 L7z,

BREERT 572010, BO%OMAL% ., gramicidin (2 pg/mL) % & T D-MEM(+) % T,
37°CT 20 /LS 2 2 Lic X Y BN 2 FER K &7z, Z D%, gramicidin % & D-
MEM(+H)H G, DiBACs(3) (0. 25. 50, 100, 200nM) & 3tic 37°CT 20 43[l. 24-well plate - 4
vF¥Fax—F L, INERERIELH Y I E L,

EEAAE Y v 7, BRERERHAY v 7 e bic, &3 v 7 AH72H 10,000 {H 0 ML D
¢ % . Attune NxT Flow Cytometer (Thermo Fisher Scientific) #{#F L CHIE L 7z, BEELIZ. 7
o —% A4 b A—ZTHIEL 7 10,000 O HIKE D HEIEE O FEEZ &5 v T ofiigN
DiBACQ)IEEDRIE L LT, XD X 5 ICFHHE L 72, DIBACs3)IE. 7 =F v Mo EEMEZ G
FTh Y. MIEEOB It > T, MIRE R ~DNM2HE L, Z OHeAMimT 5, BEEM
gramicidin 1€ X - TTERITIHE L Mg O MAEAN DIBACQ)EE D; 1%, #ifEst DIBACJ3)IERE D,
LHELWERETE 5, BNV, X, 37°CTO—{li 7 =4 ¥ DIBAC4B)ICXf L TDOA VY A M
ZHWTRD X ) ICEHE TR 3,

=5 (%)
ZF D

D,
I/p = _61l0g10 (E)

HOEEREE FI 2SHIIEN O DIBACJR)ESE & ME OBIRICH b, Z DERD 0 LA T 354, L
DOV YA PRIFRD LS 1L B,

FI
= ~6ttogao (")

T T, Fap BEEMATEEICHE L ZMETCOEBETH 2 (ZDOK, D.=Di &7 %),
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ANT T LA A= VT

HIREA A v o 7 WEE O FHINE, BRER AL Y LEZWEE 2 v 7B TH 5 GCaMP8s-
CAAX Zfifldic —@MmfiP R s 2, Z0HNBEAAA -V VL VERT L L TfTo T,
HAE % 35-mm glass-bottom dish I 2x10° cells/dish THERE L. 1 HIEKFE L 72, GCaMP8s-CAAX
77 AIF (400ng) & F 7V ATz v a v iz, Mild%E PBS THEHE L. HBSS ZAALICAIN L
7o o AR % BEMERE D 2 7 — VICHUY [T bz~ A4 7 v F ¥ v ¥ — (STXG-IX3WX-SET, Tokai Hit)
MIC 37°CCHEE L 720 35 mm glass-bottomed dish 2> & HBSS % fRZ L. [HIRIC X 4 LT T A
BA#E L 7z, DIC ¥ X U8 GCaMP8s D H %% 10 & 1t 5 93 30 BRIE L 72, 4 A=Y v
7BAtE D 5 30 B2, LI7TE (40 uM) %7213 LOE (40 uM) % & HBSS (200 pL) % dish Lo
T ARSI T L7, BEIZ, 60xi#¥)L >~ X (UPlanSApo. . NA1.35, Olympus) % %
L 72 FV3000 CLSM ¥ A7 4 (Olympus) ZfEH L CTfr o7z, f#HTIZ. Image] YV 7 b v =27 (ON—
Y3 v 2140, NIH) %2fEHL CTfTo72,

BAPTA-AM WU % 1T 5 B, Ml % PBS THEH L 7214, BAPTA-AM (40 uM) % & & D-MEM(-)
G, 37°CT 30 /r[ERTAVE L 72, % 0%, #Mild% PBS T 2 [Hl3EH L. BAPTA-AM & F 2\
HBSS 1 CA A =2 v 7 %{To 7z,

SKA-31 LB % 1T 5 . BAPTA-AM AL OAMIAEIC SKA-31 (10 uM) % & D-MEM(D) % i
i, &6 SHoRMRTEL 72z, 4 A=Y v 2713 SKA-31 (10 uM) % & T HBSS H Cf1 - 72,

Thapsigargin L3 % 17 5 56, fliid % PBS TRIPEA L 72 #. thapsigargin (5 pM) % & D-MEM(-)
R L. 37°CT 10 2[RI L 72, % D%, thapsigargin (5uM) % &1 HBSS HHCA 2 — v
TEAT 2 77,

EGTA LB % 1T 5 54, BiILER I fTH T, 4 XA —2 v 7Bkt EGTA (2.5mM) % LI7E &
RIS L 72,

Alexa Fluor 488 RS PUA D 1%5E

t b IgG T 72 I PUEEFLIE S 1APTIA (anti-NPC IgG) % Alexa Fluor 488 5-sulfodichlorophenol (SDP)
ester (Invitrogen) & 3:iC 100 mM NaHCO3 % &% PBS H1C 1 R RIG & & 5 Z & THURD Alexa
Fluor 488 5k % 1T > 72, BLak & 7=¥ifkix. PBS Z T PD-10 Bii¥i 7 7 4. (GE Healthcare) T
FEH L. Amicon Ultra-4 307 4 v & —50K (Merck Millipore) (€ X 2 B8 CUNE 5 X ONE#ME L
776

WT U20S #ifig £ 7z 12 KCNN4 KO U20S #iifid % 35-mm glass-bottom dish (C 2x10° cells/dish T
L. 1 HREREEL 2. Mifld% PBS T2 [IF L. LI7TE (40uM) & higG-AF488 (1 mg/mL) % 7-
1% anti-NPC IgG-AF488 (0.34 mg/mL) % &1 D-MEM()%#45-L. 37°CT 5 /3[4 v F 2 ~X—}
L7z, ZDtk, Hild% PBS T 2 MY L. Hoechst 33342 (5 pg/mL) % & D-MEM(-) % %5 L.
37°CT S 4 v ¥ 2=+ 32 2 & CIREPEEEITo 7z, LEMBEMEIC X 281585 X CligRF
Hriz, PIIKET v+ A4 OEICFEHE DM Y Ef L 7z,
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e s AT

TRCOT—ZF, FFICEEHEH VIR D . 3B L2EY)ENRIE (n=3) 0¥ + i
3% (SE) & LTRL7, $EHENTIZ 3T IMPPro17 (SAS Institute) % i\ >THT - 72, 2 B
D I I, Student D t BUE 2 L 720 L EHEIC I, —TTECE D53 EUHT (one-way ANOVA)
ZATo 1214, Hiwv CHEME O i %217 9 55413 Tukey D HSD WE, a2 v b e — A e DB %179
%6013 Dunnett DFREZ{T o072, 0 L IE /v T XA+ ) v 7 % i & L T, Kruskal-Wallis
FRIE Z1T o 721%. Steel-Dwass HRiE Z1T > 72, sl 72 PAEZ 0.05 X D /NS WA ICHEE 2
Db B LT,
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% 3 HDREER
s

a-MEM. D-MEM, Doxycycline, Penicillin-Streptomycin (& FUJIFILM Wako Pure Chemical Corporation
POEALZ, v REIMGE (FBS). Opti-MEM (% Gibco 72> Sl A L 7z, Lipofectamine LTX,
Lipofectamine RNAIMA X, Hoechst 33342 I Invitrogen 2> 5§ A L 7z, Puromycin | Sigma-Aldrich %>
LA L7z, Alexa Fluor 488 labeled-dextran 10 kDa, Tet-System Approved FBS (¥ Thermo Fisher
Scientific 7> HHEA L 7z, BRI LT TH I A — A — HHELE S BB BICIED L. o1 L, -30°CIC
TR L 72,

~7F FEK
L17E 3 X ' LI7E(FITC) D& IS 2 O EERIHIC/R 358 Y TH 5, FITC-RS % Rink Amide AM
resin % T, _7'F FEHBABKEEE Syro I (Biotage) 1€ X W HEJ&G K L 7z, FITC-Pen 1% TGS-
RAM resin (BEE8UERT) % F\ T, PSSM-8 ~ 7'F FEMHA B (SE8ERT) Ik AL 72,
L17ER4-FITC (T EICHE SN T2 ) &L 72 B, Ak D <= 7'F FilE % . TFA/EDT (95:5
(viv)) HCEE (~23°C). 3 BRI S 2 2 & CHBIIE LU 0 L & BifR#EE 1T - 72, Kl
lZ. COSMOSIL sCisAR-I177 7 2 (Nacalai Tesque) % F\>723ifH HPLC IC X W fT o 7z, FSELL 72 %
7' F P35 %, MALDI-TOFMS CEEZHIE L7z, ~7F F X DMSO ICHAfiF X &, -30°C
TRIF L7z, BIBRETHAZCARLZERTF VO T 3 /B & ERE (FHIE mz B X OB
fHM+H]") 1ZRD#Y Th 2, 7272 L, BLHIH D GABA i y -aminobutyric acid T®H %,
L17ER4(FITC) : INLTALKFLGKHAAKHEAKQQLSKLGRRRRGK (FITC)-amide
FEHME : 4114.1, BERfE : 4114.6
FITC-R8 : FITC-GABA-RRRRRRRR-amide
FEHME : 1740.8, FEGWAE : 1741.3
FITC-Pen : FITC-GABA-RQIKIWFQNRRMK WKK -amide
FEHMiE © 2718.7, PEER{AE : 2719.8

A el £
HeLa flifidix 10% (v/v) FEEIL BS % &1 o-MEM 55l (a-MEM(+)) HCREE L 72, Tet FHEM:

VPS4a % 5E 53 HeLa Al 13 FEMI L Tet-System Approved FBS (Thermo Fisher Scientific) & puromycin

(1 pg/mL) % & o-MEM Esibrp 5 L 72, 2 ofhofifdix 10% (viv) FEEIE FBS % & D-
MEM §ilth (D-MEM(+)) CHigE L7z, &2 TOMINEIE 37°C, 5% CO2 & CHiEE L. 80-90% = ¥
ALyt DIRAET 2-4 H & L IR ZAT o 720 EERICIE, MR 1-15 OfifE &2 v 72, F28RI3,
FRCIEE D R WIR Y . JEEIL FBS % & % 72> D-MEM ¥ (D-MEM(-)) H 7o 7=, EEho
Ml A v Fax—va Vi3, FHCIRED R WIRY | 37°C, 5% CO, %11 T1T - 72, KCNN4KO U20S
ICOWTIE, F2ETHRRLBY TH b, AETHOZMAZKIERDEY TH 5, HeLa (human
cervical cancer, ECACC, 93021013), HT1080 (human fibrosarcoma, JCRB, JCRB9113). T24 (human
bladder cancer, JCRB, JCRBO0711), U20S (human osteosarcoma, ECACC. 92022711)
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75 23 PR

ANXAI1-EGFP: t  ANXAl %, HeLa flllgHk®D cDNA 74 77 ) —% gl LT, 774~
— 7  5-GGACTCGAGATGGCAATGGTATCAGAATTC-3" ( forward ) &  5'-
GGAGGATCCTTGTTTCCTCCACAAAGAGCC-3" (reverse) % F\»7z PCR IC X » #41E L. pEGFP-
N1 @ Xhol/BamHI ¥4 MICEA L 7z,

ANXA2-EGFP: t  ANXA2 %, HeLa flllgfHk®D cDNA 74 77 ) —%§pfle LT, 774~
— 7  5-.CAAGCTTCGAATTCATGGGCCGCCAGCTAG-3* ( forward ) &  5-
ACCGGTGGATCCGAGTCATCTCCACCACAC-3" (reverse) % F\»7z PCR IC X Y ¥ L. pEGFP-
N1 IZ NEBuilder HiFi DNA Assembly % FI\sCEA L 7z,

ANXAS-EGFP : b I ANXA2 %, HeLa flllgfHk®D cDNA 74 77 ) —% e LT, 774~
— = 7  5.CAAGCTTCGAATTCATGGCACAGGTTCTCA-3* ( forward ) &  5'-
ACCGGTGGATCCGAGTCATCTTCTCCACAG-3" (reverse) % F\»7z PCR IZ X Y ¥ L. pEGFP-
N1 IZ NEBuilder HiFi DNA Assembly % FI\»CEA L 7z,

pTRE3G-HA-VPS4a™" : t } VPS4a %, HeLaffildtisk®d cDNA 74 77V — %ML LT, 7
7 4 ~ — =X 7 5-ATGACAACGTCAACCCTCCAG-3* ( forward ) & 5'-
CTACTAGTTTAACTCTCTTGCCCAAAGTCC-3" (reverse) % i\ >7z PCR IC X Y #41E L . NEBuilder
HiFi DNA Assembly % Fi\>"C XLone-Puro eGFP (Addgene #140027) @ EGFP fHI & A1 2 72,
HA % 2 ( MYPYDVPDYA ) % =2 — F ¥+ 2 #E & 7 W A

(ATGTATCCTTATGACGTACCTGACTACGCA) % NEBuilder HiFi DNA Assembly % Fi\>C VPS4a
D N K ic EA L 7z,

pTRE3G-HA-VPS4a™Q : v } VPS4a ® E228 flii % 2 2D 7 7 4 ~—7T 5-
ATGACAACGTCAACCCTCCAG-3" ( forward ) & 5-GGAATCCACCTGATCGATGAAGATG-3’
(reverse) 5"-CATCTTCATCGATCAGGTGGATTCC-3 ( forward ) & 5
CTACTAGTTTAACTCTCTTGCCCAAAGTCC-3" (reverse) % i\ >7z PCR IC X Y 341 L . NEBuilder
HiFi DNA Assembly % f\>C pTRE3G-HA-VPS4a @ VPS4a Gl & A 2 72,

TI7AIRNNI VAT 2O av

TIAINDM T VA7 22 avid, Lipofectamine LTX ZH\WT, A—h—#5Eo 7w + 2
WS T T o720 &7 7 A I F & LTX ikZE. PLUS reagent % Opti-MEM HCEA L. ZIT S
EHE L7z, Z 0%, M2 ST EA L. InzfilgicimL 72, Miaz 4 K4 v ¥ 2
R—yvavlzth FTIXIFNREL NI VAT 7y a VB ERE L., % & T %
RIS U7z P IV RT7 27 a v 24 WIS L 7-Mg 2 ZERICH 7=,

SIRNA F 7V A7 av
SiIRNA O+ 7 v A7 =27 ¥ 3 Vi, Lipofectamine RNAIMAX % fl\»C, X —h—ffEo 7o b
INTHES TIT o 72, £ siRNA & RNAIMAX A3 % Opti-MEM FCiRA L. EiRT 5 9fE L
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oo 2O, MERETEMEEA L. UM 72, MIH0% 6 B4 ¥ % 2a~x—2 5
VLR SIRNA 250 P 7 VY R 7 27 23 VIR ZIRE L, MLE 2 & itz #ilgicaism L 7,
NI VAT 27 v a vk 72 WEETE L 2 MliE 2 RERICH . ABFSE TV 72 siRNA (R O
Y TH %, Control siRNA: ON-TARGETplus Non-targeting Pool (Dharmacon, D-001810-10-05) , ANXA2
siRNA: ON-TARGETplus Human ANXA2 siRNA SMARTPool (Dharmacon, L-010741-00-0005)

Y 72 A LFER PCR

MfE % 35 mm dish IC 2x10° cells/dish THEREL . 1 HREREE L 72, MIE% 0.05% trypsin T 5 43
JLPR L C 3§ X 2, NucleoSpin RNA Plus (Takara Bio) % F\>C total RNA % [F[IL L 7z, 2 pg D b
— Z L RNA % PrimeScript RT Master Mix (TakaraBio) % F\>C cDNA ICHHRE L7z, VT £ 4
L€ & PCR (. PowerUp SYBR Green Master Mix (Thermo Fisher Scientific) % F\» T QuantStudio
3 Real-Time PCR System (Applied Biosystems) Z & W7o 7z, EH 4 713, 95°C (3 47). [95°C

(5F) & 60°C (30F) 1% 40 ¥4 7 V4§D IR T CfT o 72. mRNA ORI & O FAM 3 E A
FILE VT2 2TORERRT GAPDH #ZWELL ¢ LTHw, iflL 72774 ~—3RD
w Y T H b ., 5-CCTGTTCGACAGTCAGCCG-3° ( GAPDH forward ) & 5'-
CGACCAAATCCGTTGACTCC-3" (GAPDH reverse) . 5-CATTCCTGACCATCGGCTATGG-3" (KCNN4
forward) & 5-GCCTTGTTAAACTCCAGCTTCCG-3" (KCNN4 reverse)

€Y — & —IT X % HeLa fllfd o 57

HeLa #fiid % 100 mm dish iC 1x10° cells/dish CH&ERE L, 2 HESEE L 72, #Mifld% PBS T 2 [BI%EH
L7zt4. LI7E (40 uM) & AF488-dex10 (100 pg/mL) % & a-MEM(0)%#%5 L, 37°CT 5 4[]
AvFax—} L7z, ZDtk, Miid% PBS T2 [IFEHE L. 0.05% trypsin T 5 /L3 % 2 & C
Mgz 7L — 2 ofix 272, Z0H, - MEMHOZM A THIlEZBEL, chizF 2 — 7icH
INL 7z, AlfE 2@ 0508 (800xg, 25°C. 543) L. fSonMlg~L v b % o-MEM(-)IZ i L
7=, HifE% FACSAriall (BD Biosciences) #fAWT Y —F 4 v 7 L7z, —HOEEH-L, 5F7
12 6 (D 100 mm dish 2> & O L 7z#ifg% v —7 4 v 7l L7z, V=T 4 v 7 L7-flifld%i&E
LB (800xg.25°C.547) L i3 b 7z~ 1 v F % 100 mm dish IZ #&7# L . Penicillin-Streptomycin
ZED o-MEM)EHiR T 3 HUERE Lz, 7o 74 3223 v 7rofffliciyy —74 v 2
%3E7-T4 HBROMEEERL 72, 2 NSO ERICIZY —F 1 v 7' 14 HUN O %
L7,

JiE £ v o3 2 Bl Gy D IR

Jisd % o 0% 7 B[ 43 D B 1% Mem-PER Plus Membrane Protein Extraction Kit (Thermo Fisher Scientific)
ERWTHERE 7 1 b a it > TfT 7 o7z, 100mmdish L Cca v 7z v Mic - 2flifd oKk
PBS T2 [HIZkE L2, KA PBSZ I mLMATEARZ L — =X Wfllfaz#EEL., chi
F 2 — 7 EILL 72, MIHE % & 05 EE (800xg, 4°C. 547) L. b 7zMild~=L v + % Cell Wash
Solution (T & 0 P L 7z, MM % &0 508 (800xg. 4°C. 543) L. FIFE Cell Wash Solution iZ X D
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Vet L7z, #MilEZ @00 BE (800xg, 4°C. 547) L. Permeabilization Buffer % Il X C/&i# L. 4°C
T 10 D EEREREFI L 72, 2 O%MIlE Z @ 008 (16,000xg, 4°C, 1547) L. EiEEH4 PV
Mgy & LCEULL 7z, B> 72~2L v }IC Solubilization Buffer % fill 2 T L. 4°CT 30 47 [Hldinfs]
BAML 72, % o%Mle %@ 0008 (16,000xg, 4°C. 1547) L. EiE#EEs>E LChINL 72, &
v % 7 B 13 BCA protein assay using Pierce BCA Protein Assay Kit (Thermo Fisher Scientific) (€ &
- CHIE L 7=,

7’0 T & — LT

0pg DRV ANZEEZRT & FVICK o TR, JEFZ L., 8M IRFZ & 30mM HKFET v €=
T LIKIERICAIR L 720 P FAALA P =23 —RFT7 2T I RICXoTEIL: TAFALL
72t bV T v CHIE L S5 72 = 7 F F % PierceTM C-18 Spin Column (Thermo Fisher Scientific)
ZHGTHER L 72, 0.1% X BKIERICHAR L 7275 F lugH4 8 %2 )/ a7 e~ b
2" 7 (Nano-LC-Ultra2D-Plus (Eksigent)) ICEA L. b7 v 7% 7 LnClitdfith, 4 7 L Co
BEL 720 M7 v 717 L1201 200 pm x 0.5 mm ChromXP C18-CL 3 um 120 A (Eksigent). 73475 7
2T 1E 75 pm x 15 cm ChromXP C18-CL 3 ym 120 A (Eksigent) %7z, 941 H 7 L T4 HfEIC
B 2 TR (0.1% FRR/KIEH S X M 0.1%F IR T & b = DV VEiR) ZRM$ 554+ =7
Zvxv M, A7 LT 40°C, FUEIE 300 nL/min ICBOE L7z T 7 L HIEHL 7
ST TN il CE R S 7 U E R AT IR B B T2 (TripleTOF 5600+ System

(SCIEX)) 52 ICE A L, Nanospray III 4 4 >~ ¥ — & (SCIEX) IZ X - CIEICfA &R & ¥ 7214,
LEENERICE A L 72, HIE 13 Information-dependent acquisition 7% (SCIEX) I X o TfT\», MS &
KO MS/MS A7 b V% fFEICHUS L 72, 7' F FEEICIE ProteinPilot ¥ 7 7 =7 (o¥—
Y3 v 501 (SCIEX)) # X 'k } UniProtkKB/Swiss-Prot 7 4 77 U (2024 4 7 HEUF) % 7z,
F v TN D T m T A — LD I X, Progenesis QI for Proteomics ¥ 7 F vV =7 (N— =
v 4.2 (Nonlinear Dynamics)) %7z, HIEIC X > THOLNAZT — X+t v b % Progenesis QI for
Proteomics D 77 v + 7 4 — LA VE—=FL, T 74 v AV b L EITo 725, LA DT
F F & — 2T ProteinPilot I X Y 13 & N7z [FAERE R (FHEEEA 95% %2 2 2 b D)2 TH A4 v L7z,
@5l & v 7 o ERMEO R IC X, Hi-N & (N=3) (Nonlinear Dynamics) % F\>7z,

Tet &5t VPS4a ZE I HelLa flllfid D 5157

Tet-On > A7 A IC X Y Dox fRFHYIC VPS4a (WT ¥ 7213 E228Q %K) % B3 2 HeLa #lIfE
(HeLa VPS4a™" 35 X U HeLa VPS4a™*Q #{ifiil) % | piggyBac X 7 X — ¥ A 7 L% FIWCTRIZ L 72,
HeLa #if % 6-well plate IC 1x10° cells/well THEEL . 1 HE5# L 72, pTRE3G-HA-VPS4a"" % 72
I3 pTRE3G-HA-VPS4aF?2%Q & Transposase Expression Vector (System Biosciences. PB210PA-1) % 1
well 72D 600ng:200ng PR T I v 27227y av iz, PIvRT7x22vavik 1 HIM
g L 7214, puromycin (1 pg/mL) ZEHUCHML, OHRB®L 7 v a v EfTo/z, kL 7y a v
%%, 10% (v/v) FEM@IE Tet-System Approved FBS & puromycin (1 pg/mL) % &% o-MEM $5ibr
THELL, YV I hrerzun—volgRfTbd, KU 7v— v oRETHRBICHER L 7,
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Dox IC & % VPS4a FHIFHE

Tet #5251 VPS4a (WT & 7213 E228Q) KIEFEH! HeLa ZEBRMICHRFIEL . 1 HEEE L 2, %
BRETIC 10% (v/iv) FEEIL Tet-System Approved FBS & puromycin (1 pg/mL) . Dox (1 pg/mL) % &
T o-MEM Kilbrp© 8 REEIRG# 9 % & & T VPS4a (WT £ 7213 E228Q) OFRINFE (T 72, £
D% D EERI puromycin 5 X U Dox % & F 7e W TiT 72 - 72,

PIEET v A

LI17E 24 FC Pl ANFEAL L 7z fifd 0BG %2 7 v —3 4 F X b U —f@HTIc X - TR L 72, A
g% 24-well plate IZ 5x10* cells/well THEFE L, 1 HERE L 72, Mifd% PBS T 2 [\IFEH L 7214,
LI7E (40pM) & PI (50 pg/mL) % & a-MEM(-) % 72 12 D-MEM(©) % #%5- L, 37°CT 5 4384 v
Far—1F L%, ZDOt%, #ild%z PBS T2 FIFEH L. 0.05% trypsin T 5 73[R 32 2 & CHAE
E7L— 2 bHEfX g7, 2%, D-MEM®)Z A CHIlEZ @B L, chEkFo—7icmILL
7o MRS Z IR OorHE (800xg, 25°C, 547) L. f¥bi/-Mifig~v v b % PBS T L7z, Z DUk
W2 SRV IR L 725, AERICHIAEZ 500 uL @ PBS CTHH&#E L. Attune NxT flow cytometer

(Thermo Fisher Scientific) Zff L T, &% v 7 A&7 Y 10,000 fEH DM O H 8% BIE L 72,

SiRNA F 7 VA7 =7 v avzfiTH86. fMildz 6-well plate IC 2x10° cells/well TREREL . 1 H
RIEE L 721RIC, SiRNA Z b 7 Vv A7 = 7 v 3 v LTz, 48 REfE12 1T 24-well plate IC 5x10* cells/well
THHEREL 72, Z 0% o FEERIT, FEED S 24 Kk GIRNA F 7 v 27 27> avpb 72 K
fltg) o, kb 1o 7=,

TIRAIPFPI VAT 27 v avERiTIGEMIE%E 24-well plate 1T 5x10° cells/well THEFRE L |
1 HiERE S %I, HO 7722 I F (200ng) # b7 v R 727y av iz, #EEZ, 77XIF
N VvRT v avhb 24 WMk, FRow@ Y T 72,

BAPTA-AM WU % 17 5 54, 24-well plate b O#fifd% PBS T 2 [al3E# L 72, BAPTA-AM (40
uM) % &L D-MEM() % %5 L, 37°CT 30 MR A2 1T 5 72, % D% D EIZ, BAPTA-AM
EEaEThuitrcbilom@y 7o 72,

K buffer LB % 4T 5 354, 24-well plate _E DMl % PBS T 2 Bl L 7214, 10%IEEI{L FBS % &
{» HEPES buffer (140 mM KCl, 5.4 mM NaCl, 1 mM MgCl,. 1.8 mM CaCl,, 10 mM D-glucose. 20
mM HEPES, pH7.4) HT~X7F FULEZ{T - 7=,

TH¥FAbL 7V 10kDakET v A4
L17E {77 P CHAEHR T F A + 7 v 10 kDa 2SHIBEPNCREAT L 72k 1% . JLEE S BEMEE 2 F v
THIZE L 7z, MIE% 35-mm glass-bottom dish T 2x10° cells/dish THEAEL . 1 HEEEE L 7z, Miid%
PBS T 2 [A[¥E L, L17E (40 uM) & AF488-dex10 (200 ug/mL) % & ¥ o-MEM(-) % 7z I3 D-MEM(-)
2G5 L, 37°CT 10 A vF a_—F L7z, 2%, #Milg% PBS T2 [PEH L. Hoechst 33342
(5 pg/mL) % & a-MEM(-) % 7213 D-MEM(O) %2 %5 L, 37°CT5 A4 v Fa—FF 352 L
THRSEEIT-> 72, BlEIE. 601 v X (UPlanSApo. iHiZ. NA1.35, Olympus) % %fiL 7=
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FV3000 CLSM ¥ 27 2 (Olympus) %{HFH L CTfTo 72, fEHTIZ, Image] V7 b7 =7 (N—V =
v 2.14.0, NIH) %ML CTiT- 72,

BANTTRATATRNA A= v 7T X 5 EGFP Bk ANXA O JsfEfiE
HeLa #fifd % 35 mm glass-bottomed dish IC 1.5x10° cells/dish T L . 1 HERGE L 2%, 7' 7 X
VDI VAT v avERiTok, | HIEREL 242, #Mild% PBS T2 B L. itz o
MEM(-) (150 pL. dish FREH D H) ICiE ZH#aZ 72, HINEZ FV3000 BEAE A 7 — 2 ICHLY 115
b~ A7 F x v — (STXG-IX3WX-SET. Tokai Hit) PNC 37°C Ikl /2o 4 A= v
FHARTERHTIC dish FOE Sy OfE M2 2 CTBRE L. 4 A=Y v 75k 30 121 LI7E (40 uM) & PI
(50 pg/mL) % & o-MEM(O)EHIZ M L 7z, DIC & X CWHOEE R IZ, 60 fFRL v X
(UPlanSApo. i##E. NA 1.35, Olympus) %fif % 7z FV3000 H:fE L — & —ERBEMEE (CLSM)
v 27 2 (Olympus) ZfEALCTSH I LIciUGL %,

FITCER 7 F FOH A + YABITOBRLER

#AE % 35-mm glass-bottom dish IZ 2x10° cells/dish THEFEL L, 1 HIMKEE L 7z, FITC B~ 7' F
F % &1 o-MEM(H) % 72 13 D-MEM(H) %2 85 L, 37°CT30 0ffl4 v F a2 _—F L7z, ZD%,
Hg% PBS T 2 [M¥E# L. Hoechst 33342 (5 pg/mL) % & o-MEM(-) % 7213 D-MEM(-) % #%5- L |
37°CT 5 o3[ELBE - 5 & & TR % 1T o 7, Mt % PBS THF#. a-MEM(-) % 72 IZ D-MEM(-)
ZIHIML 7z, BIZR1Z. 60xxf#)L v X (UPlanSApo. iH#. NA1.35, Olympus) % % L 72 FV3000
CLSM ¥ 27 2 (Olympus) Zf#iffl L T{T > 7z, FITC HEi#~= 7 F FO ¥ 4 + VY ABITEDOERIZ.
Image] ¥ 7 v =7 (XWN—¥ 2 v 2140, NIH) %M\, Hoechst 33342 THE X 7= fHlE b o i
Kz S L IcBS3 2 2 e Titho7z,

SiRNA 7 VA7 =27 a v, BAPTA-AM LB, K buffer ZLH (% PIiX3ET v & 4 DIHICFLHE D
HYIT o7z,

JIAZRY 7wy |
fHfE% 12-well plate IZ 1x10° cells/well THEFEL ., 1 HRESE L 72, ANXA2 DV TR XV 70y
~ D IR % oK PBS % F W C 2 [B] P8 L 72 1% . protease inhibitor cocktails (Roche) & phosphatase
inhibitor cocktails (Roche) % &% 100 uL ® RIPAbuffer (150 mM NaCl, 1 mM EDTA. 1% Triton X-
100, 0.1% SDS. 0.1% sodium deoxycholate &4 50 mM Tris-HCI (pH 7.6)) T X - CTiAfiE L 7z, Hlifa
74—t E&EOOEE (16000xg, 2047, 4°C) L7=t&. EiE#MEULL 7z, VPS4a DV T A X VT
oy o, Mild% 95°CIThNZER L 72 SDS hot lysis buffer (1% SDS. 1 mM Na- orthovanadate &4
10 mM Tris-HCI (pH 8.0)) T#Afi# L, 95°CT 10 43I L 7z, LiED & v X 7 BIREE % BCA protein
assay using Pierce BCA Protein Assay Kit (Thermo Fisher Scientific) 12 X - CHIE L. SDS sample buffer
(2% SDS. 40% glycerol, 5% 2-mercaptoethanol, & ® bromophenol blue &4 60 mM Tris-HCI
(pH 6.8)) T 05 pg/ul €73 X 9Lz, Y v 7L 20yl D74 k—+% 520%
polyacrylamide 7°7 ¥ =~ } 7L (SuperSep Ace; FUJIFILM Wako Pure Chemical Corporation) % Ff
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W CJERH L 7%, Trans-Blot Turbo Transfer System (Bio-Rad) %Wzt I F74 X7 v v 74 v
7RIC X Y PVDF BEICHRE L 7z, 55 & L7z PVDF % 5% BSA (ANXA2 OEy) 7213 5% A
¥4 I (VPSda DIE) % URMIL 72 0.1% Tween-20 &7 TBS (TBS-T) (KR L. 25°CT 1 IKfH]
REILTTuy v I 2fTole, 20K, @Y R —RIFZEDL 70y v JIERICR L. 4°C
THRRIRE 5 KIG & 472, PVDF % TBS-T T 10 43, 3 MR & 5 e L 7=, 5#ib) 72 —ReifAk
ERTT7Hy ¥ 7ERICR L, 25°CT 1 IEIRE 5 KIGE ¢ 7, PVDF % TBS-T T 10 77fHl,
3 AR & 5 P L 72 1% ECL Prim (GE Healthcare) T 5 73 [H/#LEE L , Amersham ImageQuant 800 (Cytiva)
I DAL RE R L 72, iR L 29UR IR D@ Y TH %, anti-ANXA2 (rabbit monoclonal IgG.
Cell Signaling Technology. 8235, 1:1,000). anti-HA (mouse monoclonal IgG. Sigma-Aldrich, H9658.
1:10,000). anti-B-actin (mouse monoclonal, Sigma-Aldrich, A2228. 1:10,000). anti-rabbitIgG (HRP)
(goat polyclonal, Cell Signaling Technology. 7074, 1:2,000). anti-mouse IgG HRP (goat polyclonal,
GeneTex. GTX213111-01, 1:5,000)

FPE

#iAE % 35-mm glass-bottomed dish _F1C 1x10° cells/dish T L, 1 HEEEE L 7z, Dox ULHT%,
PBS T 2 [AI%E# L 724, 4% PFA (Nacalai Tesque) % V> 25°CC 15 /3[HEE L 72, % D%, PBS
T 2 [Bl%EHE L. 0.1% Triton X-100 % & % PBS % f\» T 25°CC 15 43 [EIELE UL % 17 o 72, FHEE,
PBS T2 [H¥E#% L. 5% BSA % & T 0.1% Tween-20 &4 PBS (PBS-T) % T 25°CT 30 47[E 7
0y ¥y I E{To7, £ Dk, MIlE% anti-HA antibody % &1 1% BSA &4 PBS-T G, 25°CT |
4 v ¥ 2a_—3 a3 v L7, #ild% PBS-T 10 20Rl. 3 MR & 9 #eif L 7-1%. AF488 #&: anti-
mouse IgG antibody % &% 5% BSA & PBS-T T, 25°CT 1 fff] 4 v Fa_—v 3 v L7z, M
fid% PBS-T T 10 438, 3 MR & 5 BE L 721%. Hoechst 33342 (5 pg/mL) % & PBS 2NN L .
25°CC 10 srfEififiafL 2 et L 7z, BT, 60X/ v X (UPlanSApo. iHiZ. NA 1.35, Olympus)
% %&fif L 72 FV3000 CLSM & 27 2 (Olympus) % fEH L CfTo 7z, f#HTIZ, Tmage] ¥V 7 bV =7

(N=v 2 v 2140, NIH) %HL TfTo 7, L 2PURIZRDEY TH %, anti-HA (mouse
monoclonal IgG, Sigma-Aldrich, H9658, 1:1,000), anti-mouse IgG Alexa Fluor 488 (goat polyclonal,
Invitrogen, A11001, 1:2,000)

A e A= 7 R
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