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MFFERR RO EE (J£30) : We have isolated a novel protein, PRIP (PLC-related but catalytically inactive
protein), followed by generation of the gene-deficient mice (KO mice). KO mice exhibited up-regulation
of gonadotropins and insulin, indicating that PRIP might be involved in events common to vesicular
fusion processes. In the current studies, therefore, we have explored the mechanisms by which PRIP is
involved in exocytosis. The results suggest that PRIP is negatively involved in the dense-core vesicle
secretion of PC12 cells, by occupying the membrane phospholipids required for the secretion with the
PH domain, and interfering SNARE proteins by the C2 domains. Furthermore, PRIP is involved in the
phospho-modulation of exocytosis by regulating activities of protein phosphatases.

AT R TERR
(BHAHAL - 1)
[ERPSES [ 12E 2 & &t

200 9F%E 18, 700, 000 5,610, 000 24, 310, 000
201 0fFE 8, 200, 000 2, 460, 000 10, 660, 000
201 1% 9, 000, 000 2, 700, 000 11, 700, 000

R

R
# 35, 900, 000 10, 770, 000 46, 670, 000

WFFE4y 8T« E ST
BFE DR « fE @ H57 - BERE R Rl Rl 52
F—U— R B W, SNARE, &V UEE, PH RAA >, C2 RAA 2, U gk,

1. WFZEBAE S 1D 5

2 TN E R EICEDDHHOA
V= 1,4,5-=Y UBE [Ins (1, 4, 5) P] i
PE& 7B A3 H L, PRIP (phospholipase
C-related but catalytically inactive
protein) &AfHIT 7203, ZDOMIFENEEREIZAR
HTh o7z, WREZMRIIT 572012, PRIP 53

FEREBLIEYTARA (V7T T T A,
KO~ R) Z{ERIL | PERRRIBR A LT oA
VAU OGWTIEERBIEE LT, 2, PRIP
DNy W/ NI OD A AR (AN B E T LT
HIEERELTND,

— . SNARE E Fra b 8B4

(syntaxin/VAMP/SNAP-25) %3 /)N El A 12 4

S
i

2=



DI/ NEAL T, Z 22 CAPS, munc—13, munc—18
72 E DT REN D - TIHI Rl M1
HZEDBHLNMZENDODOH D,

2. OB

PRIP 23 BH 1706 % Hiil) 3= 2 45 7- o & 5k
WHZ EEBEELE,

3. WFEED ik

O Mife : PC-12 ffe (Z » FEIBHE 2 1 A
BFOMEAIRE) A VN2, NAEMELC PRIP 24
LTWARWDT, BARSLT I ) R4
A U7z PRIP % 5% B S B4 2 MlaAk & 1
WMLz, A4 7 MlROEE, HDHWIEY
X b= F IR AL L7 e &
YN

@ @SB A WD T v A HREBRENT
DOREEAITENER L2V R Y — 2 &2 Hn
7= FRET JIEIZ L - 7o, mHMbRla<e1 > ¥
7 MR TR, NA IS S < BB LIE T
I X AERMNE., A WiE PHlnoradrena—
lin (NA) B 262 & LTz,

® o FREEDT v A : glutathione—
beads & W=7 VX0 T vt A LM ahh
M DOFIZILIFEIZ L o7,

@ VUL T v A A X T IR
(PPl A2V v iefmask L, ARBRE N EER CTIX
[y-2P]ATP % I\ /=,

4. WrERLE
(1) PRIP T X 2 BH B W)

O ABRE NIEEREL A FEBR : SNARE & /37 E %
FAAIATR, IOEAER L=V VIRE D 72
HURY —LZHR U7z, t-SNARE Ml id
AT 7 FINA Y b= 4,5-_ 1 Uk
(PIP,) % 175% 1z 7=, CAPS (Ca*-activated
protein of secretion) Z¥IMT 5 & VR Y
— A DFEE E R T E TR EE OB MBI X
Nz, TOFRIZ PRIP 2012 5 & AR
WZHIHl U7z, BEEL 7= PH KA A > THEEE
OPFIN R BT,

@ IR HA AL 2 O 72 2B R IR AL
L 7= PC12 #fa (cracked cell) Tix., Ahkik
WX NI ESTF RN ZTEDORYE 28152
THHENHEKD, CAPS ZMMZDHFIZL-T
NA Bt 2 s 3 BALE LD 58D BTz, DR
\Z PRIP 22 % & R BEARAFRIZ N L7,
HEEL7- PH RAAL CTHIFIAEBLE IR,
CAPS #h A W5 b SE D HENRBRENTZD
T, JEIEE ~D A 2t LTz, Cracked
cell ZEE THE T 5 & CAPS OFEA AT
b L7z, BET BHRZ, M & ATP %2R
ELTBL ERFITELS 72 o7, Z LI,
JEfEE D 5 B D PIP, NI AT 7 X —F DAE

AT PIP A5 WL PI ~E Y UMb S 7=
FEEORFFIETH Y . ATP R P EIRIESE D
FIZL-oTPIP, BEEZRTLIZODTHAS I,
CAPS D#EA 11X PRIP & 5 WM X+ D HEfkE L 7=
PH R A A CIRERAFRIZINH] S 47z,

VX b= TR L7/ (permeabil-
ized cell) TiZ. FhkPEICHZ /)T E &N
T HMENRD T, T PHINA ZHD A E
. Ca™ ZHRAEIRE 1 uM 12725 K 912l
42 & PHINA i EZ Sz, Lo,
T L2 IR CHRIE T 5 & Bl s
N Ipo T2, FOREIC ATP 2T 5 &
CHINA SetHi23 88 Lz, ZhUdy ¥ b=
L BRI K > TNy FThH D ATP 23k
WELNTZT=OIZ, XA AT 74—
EYEDN IR L 72 - T PIP, WD %K= LizT-
WEEPND, RO LS IH D & R
T ERIMOARD SN0 T, [PHINA fk
HHZ B AE 9 PRIP O RIL, WRITBRRB A
2 7 Nl & 5 38R ERIERIC, TERRIC
PRIP & 2 WM EZ O RARZ 3813 5 fill i %
AW TR b L7z, fROFEMIC OV TIEE
HTIRR 5,

@ A&7 Mz AV 7Z 38R - PC12 fifl
TiE K BRI L 5 PHINA i 2B LT,
AIEAMIRIZ Ca* Z & TeA Iz DA [PHINA i
H2SFE 8 B v, AEFRRY 7280 0 s & ROk L C
W5 & B b, PCI2 ICIZNAEM: PRIP )M
WO T, TEEHIIZ PRIP 2 3B 5 fpak %
BEEERL L 7=, PRIP BB CIIRBET D
PRIP &2/ U T PHINA S 2380 & iz,

FBRE N BRI AL AR 2 72 E6R
225 PRIP (2 X D8Iy S AEE PIP, ~
D CAPS #E B ZFEHT 2 Z EBFINTH D &
5D T, PH RAA DI EEF NI FRELT
DR BIERI L, K I X5 [PHINA Jik
HZRRET L7223, OISR HivZe o
77

INHDAE T NEROE K RO
B permebilized ff@ D Ca® HIPL T [FER
WCBE SN, LERST,PH RAAL DI
R B RN g AR EA /S ¥ sk
HREEE~DOIER TIER< ., BOQWZED L D
WD DD FRE~DARETHA D,

@ C2 FAA L DBS 45 PRIP Tl A%
WOMMHNBIE SN B DD PH R A A VH
MTIEFE L7 idlI R o nZenorz, LR
- T, PRIP (2 X % B8 0 Wl zh 1% PH
R A A %z LT CAPS & @ PIP, #5& Dk
PL72 0TI k22, PH R A A RISk D
FEI B > TWA ATREME S 8 5,

FIZT,C2 FAL OB %BH LT, C2
KA A 0% Ca¥ IRIFMICIE D VBB ICHES
TEHZERHENTWAD, PRIP-C2 KA A
NIV UIREMEAIEMEITR O b o




72 L2>L. SNARE 43+® 9 H® syntaxin &
SNAP-25 I[CHEEICAE AT 2 EN T NT T T
oA ThMNoT-, Fio. EERAIT SNARE
BRAIANTE YR — W=7 a—7
—varTvtA (VFRY—AFHEMEND
D TEOLRETKENEZ 78Xk
BIZAET D) THAER L7z, RWT, SDS-
HEHUMED SNARE AR EER T4 . C2 K £
A 134K PRIP & & |2 SNARE #HA KK %
ik L 7=,

B OREEIT. PRIPIZPH RA A %4
L TCPIP, EFEETHHFITL D, CAPS DFER
EHiE LT CAPS DR Ak =& CTh M
Sy IEI9 5, M2 TPRIP X syntaxin <°
SNAP-25 & [EL#fE S LT SNARE HAEKDOE
R AEIEI L. Bl O Wz E D v F
Doymotz (X1 58),

\ SNARE
FEHED
T ANl

SNARE

PIP, rich area

1 PRIP (BI04 iniNE s

t-SNAREs &D#ES

(2) PRIPIC X ABHASWD Y Ea{bifl#E

O VU R X 5 BR 0 AW O IR - I A LA
faZ ATP & & B ITET 2RI v T A v
RATZ7 7 X —EBOBREREZIREST D L
[PHINA Bt 23T L, — 5% —¥ (PKA,PKC
WG &) ORERZIRET S &Ms i,
ZOZEITY B ABE W E ILEET S
ZEERT,

@ SNAP-25 DU PRk L it U FR{kIZ B
BEAT 7 X —F  flix D SNARE @ U gl
DHREINTNDN, 7207 TH SNAP-25 DY
VAL SBH O E TLHET A N ST
W5, #FZ T, SNAP-25 @ PKA X° PKC 12 L %
U Ut &Rz, 28 B SNAP-25 & Fv iz
BN Y UL T PKA X 28 FHO®
Uik (S28), 29 FH (T29), 138 FHD
A VA =5k (T138), 18T HEE D&Y ik
B S18T) %L Y UERb L. —F PKC &
T138, S187 ZMSEHIC Y (kT B FHnN o hs
ST, THEHOEEA SNAP-25 & COST7 #llin
(NFEPE SNAP-25 & Ffiz72\Y) 2B EA
LT, s/ Axal v (FSK) RK/ILAR—/LT A
7 (PMA) CTHIL L. SNAP-25 DV fgfk %

FRRT Y, RS N IR & FIERORE A
mohi-,

SNAP-25 DR Y g (bicBib bR A7 7 &
—PIZOWTHRH LTz, a7 A VKA T7 7
Z—€1 (PP1) BEHEIEHL, ®KWT
PP2A . PP2B IHIF & A E1EA LR WEHEN Sy
Do To, 25 A SNAP-25 & =i Y L
FEER7N5 . PPL 1% S28, T29, T138. S187 (2%t
L C—HRIZIEM 35 23, PP2A 1X T138 & S187
WCHESEMICER T2 2 3o Tz,

PP1 12 X % SNAP-25 Ot U U EEfkiz BT,
PRIP ZiRIESHE 2 LY »ERLITWE5{L L
77o ZAUZ. PRIP 28 PP1 A L. RA 7 7
K —BIEMEE IR 5720 Th D, FEaH*K
72Uy PRIP ZE 54K (FOTA) Tlid. #iiIzh BIL R,
bR oT-, £7- PRIP BEHD 194 2V >
fe{b9 25 & PP1 L OFEAREN R D 2 &
BRI LN, U Uik L= PRIP T,
DX D R MHINRIT R S e o Tz,

@ BHApwo U il & PRIP O BEF b
Y : PCI2 #f & FSK <2 PMA CTHIIL 4 % &
CHINA gt o TeER AL b vz, 3AIZRE L
THITHERRE T 30 S0 FREICE - THNNT %
DIHTHoT,

PC12 @I PRIP Z 8 {s 1A L ClREkD
[CHINA i8R 21T > 7=, 35 & FSK <° PMA
FIZ K - CRIFRE DO TLHEN RO S =03,
AN R EBICEIE LTI LULIZRED
DONBL potz, L., ZEA D PRIP
(F97A) =° PRIP(T94A) Tl [EIE/EHERRIT A
LI T, 2D O PHINA Fi FZBR DE
DA SNAP-25 A5 i ST, 2D
AN @ i T RN e N ES EA il =
HoT,

vesicle

VAMP-2
| — — 1 L)) R
SYTIAN o ——— -SNAP'H T b,
]

vesicle

L1
cah §NLL' /; .// Y,
A

E2 PRIP [Z&AB 05 B0 ) BiLFI{#



INHORERNS, K2 IR TERRET AN
EZ HIvD, PRIP 1L, #&6 L TARIEMIRED
PPl %, JElZIBRATZERIZPH RA A 2L D
PIP, fEEC C2 RAAL ITLD syntaxin ’?3
SNAP-25 ~DfE & &4 L CHIlEN 0B 04y

PITOILTWBHETICZY 7 v — T 5 (L
X)), AR S4uD &, SNAP-25 A3V g
fbEN T DWNILESND & &b

IWH’QE%>J/@MK(HM)é%V(PPl%ﬁﬁ
B - 1S9 B, ZAUAHS SNAP-25 <2 PRIP
BV b E e L CTIEE LK BICH =5

(P, *@iﬁapmpﬁ(1)@ﬁ&t
X OO WoOREICEbs L L bz, Y

LA LB B W B ISR ENIC b
Fa'@zbé%%?f@ S THA D,

5. fﬁ%%%i
(7R FTH
EEN)

FEorHA K ONEHEATE 4 (1T

UdEsEsmsC) (BRH1 81F) T
b,

(1) Gao, J., Takeuchi, H., Zhang, Z., Fukuda, M.
and Hirata, M.: Phospholipase C-related but
catalytically inactive protein (PRIP) modu-
lates synaptosomal-associated protein 25
(SNAP-25) phosphorylation and exocytosis. J.
Biol. Chem. 287, 10565-10578, 2012

(2) Takeuchi, H., Zhang, Z., Gao, J., Sugiyama,
G., Takeuchi, T., and Hirata, M.: Second basic
pockets contribute to the localization of PX
domains by binding to phosphatidic acid. Adv.
Enz. Regul. 52, 183-194, 2012

(3) Jingushi, K., Takahashi-Yanaga, F., Yoshihara,
T., Shiraishi, F., Watanabe, Y., Hirata, M.,
Morimoto, S., and Sasaguri, T.: DIF-1 inhibits
the Wnt/B-catenin signaling pathway by
inhibiting TCF7L2 expression in colon cancer
cell lines. Biochem. Pharmacol. 83, 47-56,
2012

(4) Zhu, G, Yoshida, S., Migita, K., Yamada, J.,
Mori, F., Tomiyama, M., Wakabayashi, K.,
Kanematsu, T., Hirata, M., Kaneko, S., Ueno,
S., and Okada, M.: Dysfunction of extra-
synaptic GABAergic transmission in PRIP-1
KO mice is associated with an epilepsy
phenotype. J. Pharmacol. Exp. Ther. 340,
520-528, 2012

(5) Tsutsumi, K., Matsuda, M., Kotani, M.,
Mizokami, A., Murakami, A., Takahashi, I.,
Terada, Y., Kanematsu, T., Fukami, K.,
Takenawa, T., Jimi, E. and Hirata, M.:
Involvement  of ~ PRIP,  phospholipase
C-related but catalytlcally inactive protein,
in bone formation. J. Biol. Chem. 286,
31032-31042, 2011

(6) Migita, K., Tomiyama, M., Yamada, J.,
Fukuzawa, M., Kanematsu, T., Hirata, M.,
and Ueno, S.: Phenotypes of pain behavior
in phospholipase C-related but catalyticall
inactive protein type 1 knockout mice. Mor

A

(7

®)

O

(10)Mizokami,

Pain 7, 79, 2011

Sugihara, M., Morita, H., Matsuda, M.,
Umebayashi, H., Kajioka, S., Tto, S.,
Nishida, M., Inoue, Ryosuke., Futatsuki, T.,
Yamazaki, J., Mori, Y., Inoue, Ryuji., Ito, Y.,
Abe, K. and Hirata, M.: Dual signaling
pathways of arterial constriction b
extracellular UTP in the rat. J. Pharmacol.
Sci. 115, 293-305, 2011

Takeuchi, H., Takeuchi, T., Gao, J., Cantley,
L.C. and Hirata, M.: Characterization of PXK
as a protein involved in epidermal growth
factor receptor trafficking. Mol. Cell. Biol. 30,
1689-1702, 2010

Fujii, M., Kanematsu, T., Ishibashi, H.,
Fukami, K., Takenawa, T., Nakayama, K.I.,
Moss, S.J., Nabekura, J., Hirata, M.:

Phospholipase C-related but catalytically
inactive protein is required for insulin-
induced cell surface expression of y-amino-
butyric acid type A receptors. J. Biol. Chem.
285, 4837-4846, 2010

A., Tanaka, H., Ishibashi, H.,
Umebayashi, H., Fukami, K., Takenawa, T.,
Nakayama, K.I., Yokoyama, T., Nabekura, J.,
Kanematsu, T. and Hirata, M.: GABA,
receptor subunit alteration-dependent
diazepam insensitivity in the cerebellum of
phospholipase C-related inactive protein
knockout mice. J. Neurochem. 114, 302- 310,
2010

(11)Seo, K., Seino, H., Yoshikawa, H., Petrenko,

A.B., Baba, H., Fujiwara, N., Someya, G,
Kawano, Y., Maeda, T., Matsuda
Kanematsu, T. and Hirata, M.: Genetic
reduction of GABA, receptor y2 subunit
expression potentiates the immobilizing
action of isoflurane. Neurosci. Lett. 472, 1-4,
2010

(12)Matsuda, T., Takahashi-Yanaga, F., Yoshihara,

(13)Gao, J.,,

(14)Tomiyama, T., Song, L., Kobayashi,

T., Maenaka, K., Watanabe, Y., Miwa, Y.,
Morlmoto S., Kubohara Y., Hirata, M. and
Sasaguri, T.: Dictyostelium
differentiation-inducing factor-1 binds to
mitochondrial malate dehydrogenase and
inhibits its activity. J. Pharmacol. Sci. 112,
320-326, 2010

Takeuchi, H., Umebayashi, H.,
Zhang, Z., Matsuda, M. and Hirata, M.:
Assay of dense-core vesicle exocytosis using
permeabilized PC12 cells. Adv. Enz. Regul.
50, 237-246, 2010

M.,
Kinsella, A., Kanematsu, T., Hirata, M.,
Koshikawa, N. and Waddington, J.L.:
Orofacial movements in phospholipase
C-related catalytically inactive protein-1/2
double knockout mice: Effect of the
GABAergic agent diazepam and the D1
dopamine receptor agonist SKF 83959.
Synapse 64, 714-720, 2010

(15)Yoshihara, T., Takahashi-Yanaga, F., Shiraishi,

F., Morimoto, S., Watanabe, Y., Hirata, M.,
Hoka, S. and Sasaguri, T.: Anti-angiogenic




effects of differentiation- inducing factor-1
involving VEGFR-2 expression inhibition
independent of the Wnt/B-catenin signaling
pathway. Mol. Cancer 9, 245, 2010

(16)Kanematsu, T., Fujii, M., Tanaka, H.,
Umebayashi, H. and Hirata, M.: Surface
Expression of GABA, Receptors —Roles for
the Binding Protein- J. Oral Biosci. 52,
322-329, 2010.

(17)Gao, J., Takeuchi, H., Zhao, Z., Fujii, M.,
Kanematsu, T. and Hirata, M.: Binding of
phospholipase C-related but catalytically
inactive protein to phosphatidylinositol
4,5-bisphosphate via the PH domain. Cell.
Signal. 21, 1180-1186, 2009

(18)Matsuda, M., Tsutsumi, K., Kanematsu, T.,
Fukami, K., Terada, Y., Takenawa, T.,
Nakayama, K.I. and Hirata, M.: Involve-
ment of phospholipase C-related inactive
protein in the mouse reproductive system
through the regulation of gonadotropin
levels. Biol. Reprod. 81, 681- 689, 2009

CEag) (3o 40 M - oo w
D LG O AL

(1) Hirata, M., Tsutsumi, K., Kotani, M.,

Mizokami, A., and Matsuda M: Involvement

of PRIP in bone formation. The 52™

International Symposium on “Regulation of

Enzyme Activity and Synthesis in Normal

and Neoplastic Tissues. Bologna, September
26-27,2011

(2) Takeuchi, H., Gao, J., Zhang, Z., Sugiyama,
G, Nagano, K. and Hirata, M.:
Phosphoregulation of exocytosis by PRIP.
The 10" JBS Biofrontier ~Symposium
International Symposium on New Aspects of
Phospholipid Biology and Medicine 2011
(The 100"  Anniversary of Kyushu
University) November 14-16, Fukuoka, 2011

(3) “FHFEA: PRIP OFXHIZ BT DM HE
(BB H) OBt FHE HEREM R 27
ke IEYV—k ATV 3H13H
UM 2011

4 ¥ 8L, & L E B ZILERR, SEH
HEN VAN LD B O o WD (E
(S URDT L) H84IRl H ARSI S ES
3H22—24H HKikEdi 2011

(5) EHMEN &L 7 E ORSREfRI M
TR 22l E T LA 1A2
9H MKEIRFR2010

(6) Hirata, M., Gao, J., Matsuda, M., Takeuchi,
H., and Kanematsu, T.: PRIP, a new
Ins(1,4,5)P; binding protein, its extension to
neuroscience and beyond. The 2™ Pohang
Conference on Cellular Signaling, February
2-3, Pohang, Korea, 2010

(7) Hirata, M.: Inhibition of exocytosis by PRIP,
PLC-related but catalytically inactive protein.
International Symposium 2010, Cutting-edge
Biomedical Research, February 3, Pusan,
Korea, 2010

(8) ek P, FHHEA : GABASZ AR DEIXIC
B2 AN =X FE820H H ARSI AR
YUARVYL 3H16H—18H kT 20
09

(9) Takeuchi, H., Gao, J., Zhang, Z., Hirata, M.:
Inhibitory role of PRIP in dense core vesicle
exocytosis. 21 TUBMB and 12" FAOBMB
International Congress of Biochemistry and
Molecular Biology. Shanghai, China, August
2-7,2009

(10)Hirata, M., Gao, J. and Takeuchi, H.: Inhibition
of exocytosis by PRIP, phospholipase C-related
inactive protein. The 50™  International
Symposium on “Regulation of Enzyme
Activity and Synthesis in Normal and
Neoplastic Tissues. Bologna, September 28-29,
2009

(M=) GO )

(PESEA PEHE]
OiERdL G o)

OBAFIRIL (B0 )

(£ Dfh)
==
http://www. mcb. dent. kyushu-u. ac. jp/

6. WFIERE

(D) WFgEfzs

S e (HIRATA MASATO)

JUN KR - RFEBel i 2ehe - Bz
MoeE®‘E 60136471

(2) Wrge sz

P 8L (TAKEUCHI HIROSHI)
JUMN KR « REFEBel FF2ehe - =
WrgeE®ks 70304813
AH  EFE (MATSUDA MTHO)
JUMKRE: - REEBTEFAFZERT - Bh#k
e eE 40291520



