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In the current study, we investigated the involvement of phospholipase C-related but catalytically inactive
protein (PRIP), which was firstly identified in our laboratory, in the regulation of the function of protein
kinases and phosphatases, especially in the phospho-dependent modulation of exocytosis. We found that
PRIP directly interacted with the catalytic subunits of two distinct phosphatases (PP1 and PP2A) in a
mutually exclusive manner and the interactions are regulated by phosphorylation of PRIP itself. Moreover,
phospho-SNAP-25 (synaptosome-associated protein of 25kDa), a component of SNARE complex, was
dephosphorylated by protein phosphatase-1, whose activity was regulated by PRIP. Noradrenalin secretion
in PC12 cells was also modulated by PRIP, which was correlated with the phospho-states of SNAP-25.
Collectively, these results suggest that PRIP is involved in the regulation of the phospho-states of SNAP-25
by modulating the activity of PP1, thus regulating exocytosis.

AR TE B
(EHEAT - 1)
[ERES - MR & it

2SI % 3,300,000 990,000 4,290,000
WFZesymy =3k
BAFEDLSE - B : 5 - BEERIEHE RS
F—U— R BAOSW. U ER{k. SNARE, RA 7 7 X —+F
1. WHEBMEE IO = CIIMERTH DN, 2 S OBEENER SN

ZURTEOY CBEALHIE O Y L — 13 TERCY 70— R EnZ2idnide b2y, %
RN 70 o 7iRREOR b EE R0 & T BT E—FENEE (A7 —b
Y, ¥ F—FlhzrTy ¥ —Piligoni R) & 7o THESR & B OB 72 R A0 FH
EEDONRT AN EBERRENTTHD Z HAERZBT . RN D823 %



ZEOEEMES ERRM S, BEROEESE D
REREIR & L CORFORRH -7
HEREDFE DN AT O T WD, Fox A
VM 72 L 7= phospholipase C-related but
catalytically inactive protein(PRIP) /
I T I RITATIETIRENLDA A
VWO TTEIZIEE D | fhoRLvEY (F
T RRaELRE) OHREEDE MNT
EFLIY RNV T KLY o l) oby
WENHEIML TS FEIZRSOWE, Z0 &)
WCNEDIT BRI W ITER b5 &
26, Bz IGEIcE < o R (RS
HE) EOEbY TZoHIENRHHE KD L
FEATWD, &6, [/ v 77T h~wUA
WA DO RE . GO RE | AERERED
B IRIMER R R IR O R T 2 &
ORBALRLTEY, T bR %2 Ef
B0 T IZ DWW TR B R F R 03 T
nTnb,

2. WHEOHEM

PRIP |3 X 7 7 #—1F (PP1 & PP2A) 1%
ML Akt (T —8) EFEE L. T DR
FIEMORIE A2 L TR oW AE G LT
WD Z LR EILD, PRIP AR AT 7 X —
BRXFF—B LA THEV-TH, /EHT
HEAICINGRHE I N TNIER S 7%
W, F 2T, 727U R b HIENC PRIP 23
b2 LW FEEIT TR, FOLHITLT
YERT 25T OEHITATIT 5 D0, 72 812D
WTHRRFT LT 6780,
AHFFETIE, PRIP 28 V) U ERAb N B 5
BT RAT772—FLXFH—F) offixs
AET DAL AT 2R 2 B Lo, 4F
W2 TBHO 23 oV LRI 81T % PRIP
TR 2 B LT,

3. WrFEDHIE

(1) ##ax &L LR L7z PRIP, protein
phosphatase, SNARE % V7= ikBRE NS A S
Ba % 4T -7, PRIP & SNARE % L /X7 EREE D
MEESU VIBE LS L U R LB R

R L OREEORFE, & 25 13 A OPEERME,

X 51T PRIP HE DY VR S% D&M AR
AT 7 B —BLOEEICIKITTEEIZON
TRBENEREITH- T2,

(2) BRwoET VMR E LTo PC12 Al
EHAWCEIAS 27 FRUZLEHDOT
vEA VX b= TRHELTEREI A X
7 |~ PC12 i (permeabilized PC12) %
W, AFERYEREE D Cat (1 uM FREE) Z¥hN
THZEICLS T PHINA 2 ES 5 &
W) EBRRICBITS, ¥ T —BRHmAT 74
— Y O Z AR DRI ERIT N 72 & D
B O W BLR T3t D B E R G 5,
S BITIE, T PP A L7 PC12 fllfa & (i
L .SNARE <2 PRIP ® U »ERfLFLEE & BH 114334
DR E R RE LT,

B A&7 FPCl2 Il ERHWET vt
A : PRIP ZWNTEMEIZHEEL L TU 2 PC12 ff
Mz 4 F PRIP R°ff & D PRIP KA A &%
ERNCHBLT DR Z R L, Zhbo
A4 X7 b PCL2 fiilaZz AW THE KBRS
U H Y RERIZ X5 PHINA i &2 fet L7,
FOBRT, A GEHEHISIEAZ: &) %
WL T, MY VIS 2 (& 5
W ZIT 720 . B Uo7 B Y ekl x
TS HUHEIT-720 LTR)THOESR
A BT NI Z T EBGRE B O FE R
MWERETT 5, £2. Mlafh i & et
FEEBR BT T, o TR EERASCBES T
TEOEEH (X —BRhAT7 74 —8) 1%
P72 Bz oW TR L, MifaZ 72526 &
DFEAEMEE T LT,

4. WFIEEE

(1) SNAP-25 Dfii U 1k

BH 13 W2 38 1T 2 I S fR IZ MZH D 4y
THEOEKERER T % SNAP-25 (25 B LT,
SNAP-25 X7 a5 A % F—FPALCTY
AL IND 2 ERMLINTUVB D, SNAP-25
OWY VIO WTIEE Do TV
VY, RSB L 72 SNAP-25 A& FH U 72 BRI S N 2 B
M5, PKA TY Vb EA7= SNAP-25 Ol Y
VBT e T A VR AT 7 A—ED S b,
FIZPPL MH D Z LML E o7z, LARG
OFFZE LY . PPLIL PRIP LfEET 5 L BEHETE
PERNINH SN DM A-FF—TFIZ K> T PRIP
Z U UMbt 5 L PPl & OIS 2
R oTe, FNT, RPIPZINZA D Z & &
Y PP1 OINHI A A LT SNAP-25 DL Y R %
I ND Z EAURB I (X 1),




A B PP1_ PP2A  PP2B
00510051 0051(U)

frsna
GST-SNAP-25

[UPATR 4+ o+ =

CEEREN e
CBE,
phaspho- )
GST-SNAP-25 800
GST-SNAP-25 EI £ Ejfm
(CBB) &g
2 2400
£ S0 L
£ 2 - n_
11051 0051 0051 (U)
PP1  PP2A  PP2B
¢ D PRIPD'I;'JI;DIE-:O-
_ FRIF = = !
PRIP PPl = o+ o+ o+

PP1
phaspho-

. phospho-
GST-SNAP-25 2 BN GST-SNAP-25
(CEE) GST-SNAP- 25

(CBB)
I
. 3
25
2
I &

X1 mw25®%)/&m

sad 2P (x107)
icpm fassay)

Released 2P (x107)

@)WW&&%SMP%MJ/&Mﬁﬁ
F @ P FEEE L 7= PCL2 HH M 2 Y L.
SMMQHMijx&m&r&%D T &
DO C 2SI L=, PC12 Ml % 7 4 )L A
Y URBINLR— LT AT LA 5 b
SNAP-25 13V v E&fb 4L, PRIP 1XZ DMLY
VIR LB A e L7z, AL, PP1 LA T
R, HAHWVIEPKAIC L > T VEB LT
72N PRIP O A BB ARIZ /e D & SNAP-25
OPLY bR A RET IR E RO

ot (K2),

GFP-PRIP (WT)
BT

A GFP B

SNAP-25 i- - - e e -l

47 i s
12 1 12
o ESST] L E
52 0.8 1| ] 1 08
2% 061 I 08
04 1 04
02 i 0z
[ R, - L °

Time L] o 5 10 20 30 (min) o 0 ] 10 20 30 (min)
ahnua o e——— —
sumuation - + - +

Phaspho-
SNAP.25

12 12
1 1
So 08 08
£t |
S5 os [
n €
= o 04
02 02
o

0
Time
after washing D 0 10 50 l'l ll 10 30

o 0 10 30 (min)
—

stimulation +

X 2 PRIPIZ & % SNAP-25 it U o Bk a4

FZIDEEDINANT RULT U U HoibeE
1X SNAP-25 @V Uigfk L~k K< —&L
Tz (®3)

A e GFP B GFP-PRIP ( WT)
&0
= s T o B
§ §
=1 =51
25 g8 ; ‘
g8 Bg 1 -
5
58 g8 ¥
== <3
B 2
= =5
2 £
afterwmching 0 0 5 10 20 30 (min) 0 0 5 10 20 30 (min)
FSK o —_—
stimulation - = +
GFP-PRIP (F9TA) %71  GFP-PRIP (T94A)
c 1 = —*
g 0 4 g 20
5% 5%
g 1 g
38 88
<= 0 ==
z3 Z38
T T2
[k =S
F #

Time

0 5 10 20 30 (min)
+

o
—

3 PRIPIZED /T LT U 53ibd
A i

(3) #MAEPY PRIP, PP1 & SNAP-25 DA KD
Ak

PC12 DB P % F o C 5 o b S Bk
47V . SNAP-25, PRIP, PP1 S-S AR T
HZENHBMMNE ST, HMIl%E forskolin
THIES 5 & PRIP & 3L7LMe3 % PP1 BIT)
LT Ebbhol,

(4) PRIP & PPL, PP2A DFHAACHEBRAI 22 kG
AN

LM 2 R L L CR® L7 PRIP, PP1
(protein phosphatase), PP2A % v 7-#5Bx
ENFED EBRAZITV, PP1L & PP2A WiF &b
PRIP &EHEGT D03, WH DNRIET D R ILAE
AT EICHERRTH D Z E RN hho Tz, A
X F—FBIZL->TPRIPZ Y VBT 5 & PPL
EOFEEIXEEIL L, KRHZ PP2A & DfEA
WML 7=, 25 D41 % I R R 3R
ATV, KR O AR R COERRZIT - 72,
HIR DR % HT PRIP Hifk CUbME S CIR
1E1% PPl R° PP2A OBATEE LT, THEIR
BETIX PRIP ITIBAEL T PP1 & PP2A & 1F(E
L7-, #ifa% forskolin THIIKT 5 & PRIP
& ITERE T 5 PPL &I D (PP2A XN L 7=,
DWW CEMWER E W ERE T2, A Y
TarL /) —vETAOERENEAL T,
m%&%%#PMP#WTmMéﬁf@fb
7= PP1 72 5 TNC PP2A iR L7o, FHIE Y
T PP1 O & PP2A DA AR DT~

5. ERIEG U
(WFgeRFE . W3 R OSBRI 1
Y]



UEEams) (BHs5 )
(1) Mizokami, A., Yasutake, Y. Gao, J.
Matsuda, M., Takahashi, I., Takeuchi, H. and
Hirata, M.: Osteocalcin induces release of
glucagon-like peptide-1 and thereby stimulates
insulin secretion in mice.

Plos ONE. ##ifi. 8:e57375, 2013

(2) Zhang, Z., Takeuchi, H., Gao, J., Wang, DG,
James, DJ., Martin, TF. and Hirata, M.: PRIP
(Phospholipase  C-related but Catalytically
Inactive Protein) inhibits exocytosis by direct
interactions with Syntaxin 1 and SNAP-25
through its C2 domain.

J Biol Chem. 54 . 288: 7769-7780, 2013

(3) Sugiyama, G., Takeuchi, H., Nagano, K.,
Gao, J., Ohyama, Y., Mori, Y. and Hirata, M.:
Regulated interaction of protein phosphatase 1
and protein phophatase 2A with phospholipase
C-related but catalytically inactive protein.
Biochemistry. #&#t 4. 51: 3394-403, 2013

(4) Gao, J., Takeuchi, H., Zhang, Z., Fukuda, M.
and Hirata, M.: Phospholipase C-related but
catalytically inactive protein (PRIP) modulates
synaptosomal-associated protein 25 (SNAP-25)
phosphorylation and exocytosis.

J Biol Chem. & 3if5. 287:10565-10578, 2012

(5) 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. ##Hif. 52:183-194, 2011

(K] (6 )

(1) Gao, J., Takeuchi, H., Zhang, Z,
Wang, DG. and Hirata, M.: SNAP-25
phosphorylation causes down-regulation of
SNARE complex formation.

H 8 5 AL FESRE., @M.
2012.12.

(2) Gao, J., Takeuchi, H., Zhang, Z., Wang,
DG and Hirata, M.: Role of SNAP-25
phosphorylation by protein kinase A in SNARE
complex formation. The 22" IUBMB & 37"
FEBS Congress, Sevilla, Spain, Sep 4-9, 2012

(3) Gao, J. Takeuchi, H., Zhang, Z., Sugiyama,
G., Nagano, K. and Hirata, M.: Roles of PRIP in
phospho-regulation of exocytosis through the
interaction with protein phosphatases. The 7th

Korea-Japan Conference on Cellular Signaling
for Young Scientist, Ulsan, Korea, Feb 17-18,
2012. (FRfrafkls)

(4) Gao, J., Takeuchi, H., Zhang, Z,
Sugiyama, G, Nagano, K. and Hirata, M.:
Phospho-dependent modulation of exocytosis
by PRIP. The 10" JBS Biofrontier Symposium
on New Aspects of Phospholipid Biology and
Medicine 2011, Fukuoka, Japan, Nov 14-16,
2011.

(5) Takeuchi, H., Gao, J., Zhang, Z,
Sugiyama, G., Nagano, K. and Hirata, M.:
Phospho-regulation of exocytosis by PRIP. The
10" JBS Biofrontier Symposium on New
Aspects of Phospholipid Biology and Medicine
2011, Fukuoka, Japan, Nov 14-16, 2011. (¥4£¥F
R TH)

(6) Gao, J., Takeuchi, H., Zhang, Z,
Sugiyama, G. and Hirata, M.: Involvement of
PRIP in exocytosis through phospho-dependent
regulation of SNAP-25.
%8 4 A AL LERS

13.‘\ /I?L%Bm\ 2011 9

6. AFFERERE
(1)5?7%@%%‘
& ¥ (GAO JING)

JUMRE: - tRZAAFZERE « BhEK
Eﬁjbéfaéffz 40585882

Q)R F/5 405
L

() HEMFIEE
2L



