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Orchestration of growth cone membrane dynamics by phosphoinositides
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Membrane contact sites (MCSs) serve as a zone for nonvesicular lipid
transport by oxysterol-binding protein (0SBP)-related proteins (ORPs). ORPs mediate lipid
countertransport, in which two distinct lipids are transported counterdirectionally. However, its
functional contribution to cell physiology remains elusive. In this study, we report that lipid
countertransport by ORP10 at ER-endosome MCSs regulates retrograde membrane trafficking.



¥ X C—19. F—19—1, Z—19 ({3m)

1. WFEBRAGR S PO 5t

B FHE & 1, AR SR JE R I S TR A S 2 BN M O @/ WEIEIR T, ilRRF EE2E e
Bk %2 7RIS S 7 F VTR U, MR e & MR R TRl A e 0 K9 2 & Tl sR A iR
THEEZH S, ZOEENA D= XL LTE, ZNE TOLL OWFENBIRZ T BT
7205085 b DO, R A HIET D IR E RIS OFENIIR 7SI S Ty, 2
NETICHRRBHIREMHEO Y Vb7 0T+ 7 AMRfraER L, AT Lray
B0 N EN LTI A HRE S B 5 51 2 > b= L U VHEE RIS FRED L < N ) Vi
ILENTWA Z LIcEH L7 (Kawasaki et al., 2018),

2. WFED B

FGERER & OWFZE 7 NV—T7 1%, HIJERE PI4AP 34X v AT u— UG X o7 E 7 7 2
V=375 N LTAYT LrarZy NOEKE X OWRE A falhms z2 a2 2 L 215
T LT 5 (Chung et al., 2015, Nakatsu & Kawasaki, 2021) . A#FFETIL. KEMHE
WCBWCEHBEEICY VML ENDRAT 7 FINA )3 h—4 ) Uik (PI4P) A RklESE D
BRI DT, IR A MGk & O ISR T 5,

3. WFED L

BB fie 077 A REBE AL THRI I, 4V /724 FV3000 H M S
AT ELERHWTCTIA TAA—V U TBE LT, T — XN Inage] Y 7 b7 =7 2
TiToT /v 7 77 MFIOVERKIZ. CRISPR/Cas9 1A HWT, v — 7 = ZfEMTIZ L %
70 LAEHIORER, Bz Z T ay MEZL DX X7 ERBLEDHNTIZ L VAT

277,

4. WFFERE
TV R Y — A JHER PI4P & pllESR 3 HIEI9- 2 BrdiiR B A s o A 7 L O i

1)ORP10/9 I% P14 kinase typell {RIFRJIZ T RV — A~/ N{RREEEAREANL 2 o T 5
RN T Y VBB R SN A > b= U UIEERIES O —oTHh
% PI4 kinase typell (%, =¥ NV —AIZJRTET % PI4P Gkl Co 5, P14 kinase typell
DT R —MRET AR AT a0 — UES X VT 7 2 ) — A REO M
WNRTEZ TR L 2 A, BEEERINTH 57~ ORP10 23 > R Y — I~/ N O B2t 7 1
RETAZEAERHELE (K1-A), ORPI0 DT RY—AREF. BED PH RAAL LD
PI4P #5AITIRFE L TE Y . £7-/MNARFIEIZ ORPI & DFESE N LTS Z LW 5N L
7=,

2) ORP10 |I= > RV — A~/ ERBEREAREALIZ BT PI4P 38 KL OVPS & Atk 3 5
RUNT, ORP10 DO KV — A~/NafRRE] CHRE A SRR I W CTRGE R (T 72, &
+*. ORP10 DEE i N A A Tdh 5 ORD & Expi203 fMiflc RS, 77 4 =T 4 —H T
LBIONF VAT DL DR LT, LT A /v b= VIEEEERNE LTIEE
AT CRAER R RS: - e x K EZEERE L OILFRMIE) 25205 L, PT4P BNEER D H
REETHD Z EHHLMNT LIz, FATHFZEIZ L W, ORPI0 (IR AT 7 F Pk Y (PS) %
LT 5 2 ERHME SN TS Z L5 5, ORP10-0RD @ PT4P/PS AZ MM ETHEME IZ DUV TRIC
BREEITo 72, £9. VR Y — 2% FOWTIRE LT ~ A RIZEBVT, ORP10-O0RD 73
PT4P & PS Z Al 3 IR H D 2 ENFEA S iz, IRWT, T2 R Y — A—/Na R
BEMRERIC ORP10-ORD % T~ /84 U UARIFRIIZ Y 7 v — F 5 R 2/ L, by —u
WA A= TS ORP10 Ay R Y — A—/PMafRENC BT PI4P/PS A Hailh
EEFETTHIEREZETDHZ L 2R LN LT,

3) ORP10 (Z X % PI4P/PS Azt = KV — A DA Z 2 HilfH4 5

RIZ ORP10 (2 L B N Y — 1 E/NARRT T PI4P/PS A3l ok 7319~ % Ml At RE
B HBEYT, Crispr/Cas9 % VT ORP10 K#8 Hela MRk ZERE L=, £, = F
Y — LED PIAP B L OPS BICHOWTHIEE 7V n—7 2 AW TRHEEL7- & Z A, ORP10 K48
M TIZ=y RY —APSENEAD LTS Z ENRHLNICR o2, = RV — LD PS 1%
T RY =L 8T AT ASOITHERREER S I B W CEEREIELZH > T D, £
T, WATHEEILIZOW T S — R 6 U VRS AR (M6PR) A FEAEICREELT-& 2 A,
ORP10 RIEHMPIIZB NI R =205 T ALV~ M6PR O i TR A MK T



L, T RY—AIZM6PR BNERB L TWAHZ ENRH LN E 72572, 2@ ORP10 KREIZKL D FK
BRI, BP A ORP10 (2 & » ClalfE 2 28, IR e AR ClmEliE L2 & v, 0RP10
WL AIEE AR L > Ty RY =LA D b T AT~ g E A S 40T
HIEWREINTZ, EHI, T RY—AEPSOFHELTT 2/ X —THH, = KV
— KD BIRIESS - D—>Tdh 5 EHD1 O RTEIZ DWW THREE L7 & 2 A, ORP10 KB
TIXEHDL Oy RY —LJRENMETLTEY . =2 RV —ABEORBESZLHEENME T LTV
7= (K 1-B),

PLEORERD S ORP10 [T/ MEE—x o R — AR AT 33T PI4P/PS A Bt 4y
ELTHEREL . = R Y — A D 2V IR~ O L 2 HlfE3 5 = & 238 L7 (Kawasaki
et al., 2021, X 1-C),

B GFP-SNX1
(BER9 (#) 0 2 4 6 7 8

EEEED TN/ T BV — LA
ORP10  Sec61B  Rab5

IEEAR
ORP10

il Sec61B (BSRT (
ORP1O

i
24 —1biA—, 2um i

R —biv—, 1pm

PUP | A 1. EE - T Ky — LRI
e #5115 ORP10 DFTE & HkE

A. /\BI{ARE (Sebb1B) & TV KV — LA
(Rabb) HME Y 2 IEIEAIERAIIC/BTET
ORP10 DIBMISIRREIR
B.IVFY—LE (GFP &ZRi& LTz
SNX1) H\EnxE N 51872
C./hlafE—I > RV — LEEfERfIcH
L EHD /J\H@ﬂ( ) VAP - H’é ORP10 @*}%ﬁg%ﬂ_‘ LTC*EEQ

AFR 77 F D
Wty

<5 FH3CHER >

Chung J, Torta F, Masai K, Lucast L, Czapla H, Tanner LB, Narayanaswamy P, Wenk MR, Nakatsu F, De
Camilli P.: INTRACELLULAR TRANSPORT. PI4P/phosphatidylserine countertransport at ORP5- and
ORP8-mediated ER-plasma membrane contacts. Science. 2015 Jul 24;349(6246):428-32.

Kawasaki A, Okada M, Tamada A, Okuda S, Nozumi M, Ito Y, Kobayashi D, Yamasaki T, Yokoyama R,
Shibata T, Nishina H, Yoshida Y, Fujii Y, Takeuchi K, Igarashi M.: Growth Cone Phosphoproteomics
Reveals that GAP-43 Phosphorylated by JNK Is a Marker of Axon Growth and Regeneration. iScience.
2018 Jun 29;4:190-203.

Kawasaki A, Sakai A, Nakanishi H, Hasegawa J, Taguchi T, Sasaki J, Arai H, Sasaki T, Igarashi M, Nakatsu
F.: PI4P/PS countertransport by ORP10 at ER-endosome membrane contact sites regulates endosome
fission. J Cell Biol. 2022 Jan 3;221(1):¢202103141.

Nakatsu F, Kawasaki A.: Functions of Oxysterol-Binding Proteins at Membrane Contact Sites and Their
Control by Phosphoinositide Metabolism. Front Cell Dev Biol. 2021 Jun 24;9:664788.



4 4 0 3

Kawasaki Asami Sakai Akiko Nakanishi Hiroki Hasegawa Junya Taguchi Tomohiko Sasaki Junko 221

Arai Hiroyuki Sasaki Takehiko lIgarashi Michihiro Nakatsu Fubito

P14P/PS countertransport by ORP10 at ER?endosome membrane contact sites regulates endosome 2021

fission

Journal of Cell Biology -
DOl

10.1083/jcb.202103141

Nakatsu Fubito Kawasaki Asami 9

Functions of Oxysterol-Binding Proteins at Membrane Contact Sites and Their Control by 2021

Phosphoinositide Metabolism

Frontiers in Cell and Developmental Biology -
DOl

10.3389/fcel1.2021.664788

Igarashi Michihiro Kawasaki Asami Ishikawa Yuya Honda Atsuko Okada Masayasu Okuda Shujiro 339

Phosphoproteomic and bioinformatic methods for analyzing signaling in vertebrate axon growth 2020

and regeneration

Journal of Neuroscience Methods 108723 108723
DOl

10.1016/j . jneumeth.2020.108723

Igarashi Michihiro Honda Atsuko Kawasaki Asami Nozumi Motohiro 13

Neuronal Signaling Involved in Neuronal Polarization and Growth: Lipid Rafts and 2020

Phosphorylation

Frontiers in Molecular Neuroscience

DOl
10.3389/fnmol.2020.00150




93

2020 2021

(lgarashi Michihiro)

(50193173) (13101)
(Nakatsu Fubito)
(50360607) (13101)
(Takeuchi Kosei)
(90206946) (33920)




