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ZOMEITI R AHTH Y | AT T IPs O 2BV R D T 2, FERFRIXITENR S 23 2 9722
RERS AL T 252 LIk RETLHEEAE (P400 L) D IPsZEAKRTHLZ E 2L,
DFEH 31 TOERFEAEOEEE AR TIZCD TRE L., 20K, IPs /KL O DR MNERE
KT DN T AT ¥ RN THDILEnR L (Naturel1989), F 1= 1P ;2 BRIV 2 7 KRB O R PR
BETHHI L& LT (Science 1992), S HZ, 3FDOT A YV 7+ — LALHiEHIE L (Cell 1993,
Receptors & Channels 1994). 1Ps 551K %4 LT= 71V 7 MREN B 5 MBI G 0% 4 #H HC LT
=7,

A7V =l T, ZOANVVTLEEINEDO X ) REETAEL 00, FLEFATINDL DD, £ LT
ZOANTTLREINED L) RABE S OB IO, BIZH LY T AMEEIRIES T [TPs &K
DOREHPEZI SN LT, IPsZRIRIIF A F I v 7 piEEE A& L, ofElss CWihib L T
HEAS L CHEEZEE LY MIaNEZEH XRS50 8 EROZRENTH IR R D2 =— I 257 Th
HZEEHLMZLTWD,

ZZ T, 2O IPs RO =—7 RWE % 5 « Ml L~V TREAT LT, IPs SRR 1L o 0 A RE)
ZWDNZLTBIERZTON, TONT AN RALEMAT S, 2L vy AMEENZ IS < A
LOIEARVFIDEMFETE DI TR EONDIMEICESWTREET VB EZERT 5 2 LR TE,
SHITIFZEDOEFICLVSIEEZ SNDRRADIRNR « TR - 2WNE BT 5 2 E R ATRRIC R 5 EHifF S
Do

Z DOWHED 7o DIZITAELSEN), #EAYTN, B R0, MiREYENTEREETHY, LTOT—~<
D TG E ZAT LTz,

1. IP3 & vy Lz mfibd 5 £l oo B o
IP3 52 AR D T 1 /L BH PSS D fiR ]

3 FED IPs IR D 1Ps Fit A BLFEDIRIE D 5y - H5 4% O fii i

IPs 5 AR O R &A1) 0O SR AT

STHLOAEHR D3 AL

WIEME DT DAL N KB N T T MREVRIER O N DL s B O AR

(Nat, K~ATPase ) & IPs S BAKOHE ST DR IE

IPs %2 %K% /i L 72 BDNF(I SRR R R K 1) D 3iih & = = — 1 o D & i O R
8. IPsZARDHEADBHFE

o O

~



9. IPsZRIEOMIAN T 7 4 v 7 OWF5E
10. IPsZFIRE B hOEHE

4. HREBAE
HREMAE
AFaY =7 NTIINNUED TN 7 5F v RV TH D IPs ZRIRITE S Z2H T, FOREE - #EREF
BADMENT 2 AT W72 3 5| TIP3 T RIERO 5 &l 2 T LAk AR 2 71~ Flix OHIIERE DRBLA I =
A LEMHT 5, ks LTk, EFn, o rEwEn, fEEEwFn, EXERPNTEEPLE
L7226 BHEOEMW T FIEZ A DN RANTEA LT, ZOX I REHERT T o —F 0B
FEARAIR Thole, R Txr N TIEEHERMZEEM Z R L TV D23 70— 7 HilIEE% T 35 I
R DRRIC BN A & o T2 D T2,

5. RDAELE
(1) 1P ERILL ) LERIRIE T HE AT D BSE
(1-1) IP; 25— (IRIS-1) DEAH
IPs & vy ARENE ORRZB SN T 5 7DITiE, IPs OFE A EfICIEA D Z & 33

Thbd, Fexr DR E L TELNT IPsZBIRD 3 Rt X MiGsaiE & Ofs R (Nature 2002)
ZHEIZ, IPsHEA RAAL L OT7 2 7K (N Kig) 12 ECFP (Ffdy v rg) &R
TR (C K¥) & Venus (V4 —F R Sitaigt ¥ VXV H) G IE& X7 E T, 1IPs
LiEAT 52 LT ECFP - Venus [0 FRET(#HIBTRILFX—FED;Fluorescence Resonance
Energy Transfer)ZhR N2 L L, SOEEEREDLD Z L 2R Lz IPsfE AR L7-, Z O
a2 87 'E % IRIS (IPs Receptor-based IPs Sensor) (VU ¥ ¥ s TILO LMD Z & &457) &
finss L= (J.Cell Biol. 2006),

SHIZHFL T, IPsfER AL D C Kbz F< 752 & THRIBEEZL 5% 5 26% & 5 fFlcs
52 LI L ARIS-1 &4 L), £72 IRIS-1 OBIRICH- D . FATEENRBRTE S5 &
AKD IPs DIREEAL, & HITIE CaDIREENLALEZ T LEIR—NRH D, £ D7D IRIS 1% IPs
XS DR M Z TS, EEEEEICL D B 10 fFRESH 2D L O ICWwE L,

Fex OBIER LY A4 ZIRICEEIREZL A Z 3 vy MR IPs B iR p - < b &
REZLTHZ e, ZOTRTH IPBsZERICE>TT a7 IPs > 7S umhsy
DAIRAL T LN 7OV A S TV EBR ST\ D Z &R & iz (. Cell Biol. 2006),

Fluorescence Resonance Energy Transfer (FRET) vyt i~ * = U
HHHRBZ XN F—BH LSk,
v = \ i

IP; binding core IP, ‘%&)
(Nature 20002) :

X 1. IP, $57~ZE (J.Cell Biol. 2006)
IPsR-based IPs Sensor (IRIS) (& IPs 24D IPs#E&a7—&AULVTHERLT=,

IRIS E W HAIEF U v #EEDIC T (D) Ol ) BEREZFEF-> T\ 5,
IPs f5 B A2 - Tt dtnlE o x L ¥ —E) (FRET) EI1C X 5 IPs Al bR OB ICREh LT,

10



(1-2) ¥R 1P, H— (IRIS-2) DS
IMSliﬁEﬁiéﬂfwéIRﬁ/% DLING &N S RV VNIV é%ﬁ@f&%ﬁﬁm
?&iﬁzéh I, BRLEEOHRNMLETHS, FTEEADOKREDOEESC, BN EHEA T OME
EzxbHZ &T\ HE%EIRT 5 Z ENPIFETE 5,

IRIS-2 & ZDOWERTH 5 IRIS-2.3 18 HEHE & LT monomeric EGFP # W Tk v | Mg T
DY P —DEEEREK AN TS, £7- IRIS-1 Iz R —d ECFP (2~ T EGFP 13480tiR
RN, ZNHDORNPOHFH LNV —IL, — A A=Y 7 TOERICHNTND EWND 2 ERT
HEnbd, FRZIRIS23 X IPs ~DT 7 4 =T 4 —DREWVEND, A A A=V TICHNEEZD
N5, HIZ IRIS-2.3 1X3ZHEIND L 5 ITAKIREE D TPs #5235 F14813 2 M Bl S o IR~ i 23 A
FEEND (RBEET—4).

(1-3) MBEADAHILL DY LR TEEDTIRIE

BN L 7 BYEEE I IP, S RO L DIV AEE Y FHSE D 03w AT v 3L
EEINIRIZRIET DO T MEER FF D037 LR T OIFEMEDONRT 2 22 X - THIlE
SNTWD, LNLINETHALT T LR TNEMIENICENTEDL Y R F AT v 7 IpiEHE
B2 L TWEDONESBBMNIR>TWedoTe, I THLIL FRET ZHWTH LT T AR T D
—-> SERCA DIEM:Z A L L., B o AEE T o SERCA 1M 2 HIE L=,

SERCA 21X 8 DOHMIIEM KA 4> (A, P, N) b0 IEEEICrE ) BEER LItk TA &N
RAA L DOFFEENRKE S BIbT 52 85N TW5, pig SERCA2a D N K (A KAA ) (2 FRET ®
KF—& LTCTECFP %.577 L 578 HFHDO 7 X /(N KA A1 ) OREIC FRET ®7 7 &~ 4% —TC-FlAsH
fEE A b & LT Tetra-cystein-tag Z & L7-BI5 A2 /ER L, F-L577 &4 L7z, F-L57T7T OWEITT
RCHSEBMBE A AW TIT o 72, F-L57TT ORHEA TIN5 72 DS F-L577T 2581 L 72 fifia & B Em ez L,
HHLTWS SERCA OF7% 4 DOfRAE (E1-Ca2t, E1-ATP, E2P, E2) [Z[EE L., & DORFOE R
Z T LT,

WIZ TN LR TFIENEE FRET 24L& [RRFCHIET 572012, F-L577 Z 388 L 72k o/ NuiR N
PEIZ vy At o —Mg-Indo-1 238 A L7c, MifufEz @iz L, v ok ATP O A - 7Bk
RIS 5 272 & = A . FRET Z{b & /K TO H V> 7 AERE A NRICBI Sz GRFsERT — ).

F-L577 #%HSE-MIIC7 I =X N ThHHATP 2 525 &, I v MEBNBE SN, O
FRET 24t t v v AEEE R L CIREI L Tz, &5y AMREIN O FRET 2L &% Ly
TAEEICH LT ey hT 5L S A Hix. HIl OXTFit 52" T&x7~, SERCAIZIZ 25
DAV T DFEEFNL S DA, Z ORFO Hill $28503 6 & FASMZE W BIRMEZ R LT, L EDOFE RS |
SERCA ZHIIEN D v 7 MREN EHT 25 EEZR MU T, /ADMMEaERNIZ v 7 AR AT 8 X
ZLTWDZERHOMNIR ST, TV KTk~ 72 R A PR RE 2 IE - 2 28, HIIEL @ﬁw/vA
RN RAED e < & WCHIIRRERE ISR B L 52 5 2 LML TWD, TNEESEZDICH, AL
U LREFFICE DR TIEEORBIRAAL v F U TR ENTNDZ ERHERIE D (9&%%2%7* 2),

A1EBA%E L7z F-L677 1% SERCA DIEMEZ @ EEAUIZ L > THIET 2 2 L O TE 2B TH 5,
SERCA [Z B =MD LR O JRN B+ DO—2>TH Y | JIZEHb-> TWA Z s Sh, Bicidhi~7
J 7%0)5' Ty M DO—2Thbb, ZOXIRIFKELET HDONTAENEDORA T ) —=2 7
BAT 9 T2 OIIIAREAT O L 9 128 AL HIE TR S SERCA T2 JIE T 2 HAMIIEFmICEHTH 5,
(1—4)77|-3I~—~>7<-|z>4f—0>Faﬁ%

e AR L A L —IBAY AN Cazti s A (Caz* A 314 7)) 24U, =K, V7 AH
AN FARSER £ @*3%/: fﬁlﬂﬁﬁﬁsﬁ%rﬂ“ Z D=8, Ca2t A/XA 7 OFRECKH I &, I3 4
DINEZFET HERPEENTEY . 0 OERMEIEM T S HUE A~ O LUSK%@ C%EE
Z6NDb, B MR U ARARETIET A b= AZBWTHHIEN CaZ BN EE/RKE 2 H - TV D,
ED LD 7RI CaBhEIC L W TR F—3 ARAE T A0 LN SN TR, 7K F— ‘/x }:
HAPN Ca2tBhBE D R 22 B Z M4 2121F. 1 DO TF AR b —3 X L il Cazt@hfe
FRICEIZ LR T IE R B0,

BEfF®D FRETGE B = L X —i5B) 2 FH L7727 A b= 29 —i%, F L FRET #FH L7
FlRAN Ca2tz o — & E UEEZ X7 BH~X7 (ECFP-Venus) ZHH L TWA 7, FFEETH L
75‘5’(%@73\0710 ZIZ T, TAHR M=V RARBU—0@ 5 X7 E T % ECFP-Venus 75, 5”}55\:%7\

XV &R L% EA FP615 & FP570 (2A 2 5 2 & T, Mgy Ca2tt vt — & [RIRFELE2 0N Al RE 72 FEBR R
@ﬁﬁi;’i’ B L7z ZOFRacie X X BT 2945 Z & Tin vitro T 290% D ”ﬁﬂﬁéé"ﬁ’DT
RE—3 2o —2E 2 2 LICAREI L. 1 OOMIaRN TP Ca2tBife & 7 a8 h— 3 2 %[RR8I
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TOHZLITHIILTe CRERT—4), ZORMEBERZMNT=U U B flAOREISERICALND
TR b= AFEROMEN CaZ BB 2 B LIoRIR, AMlle e 7R b= X 2@ E 4 5/ TIERLR D
HMINAN Ca?BBNEL D Z &N nhole (RERT —F), LTI T, ARIZSORDMETH. =V b
U B AfADRREISERHI R 5N LT A b= AFFEITRIT HHar Ca2 BB O 1 W4T 5Lk O fig i &
HfEd

(1-5)EEREDAILS D L Y—DRFE
INETOINT T Lt P —F, FEMIECHAERE R 2 W TR A — 2 — T OHE LHNFTRE T2 )
ST, AlEl, BEIZBEZE &N T /-, Genetically engineered 1 A LA ZEICHE L CHAREEED D
N MR AR T D Z LIk LTe (Mature Methods 2010), 2 kv, H, A4 —#—T®?in
vivo DA A=V TPMER L~V CEIZEN TSRS FITR Y | By — b LB ZTWD,

(2 ZBEEOFv=ILEERBED AR
afEiE DEMNT
Fxix, IPs A$EET D IPsbinding core DX =it X MG EOMHTIC L VMM Lz
(Nature 2002), %+ ® N imKIZ$HDEFIZ &V [R< 7215 T IPs-binding core & F v RN H - TH
T FEENHET 5 Z LD Z OFEML % Suppressor domain O & 72 31F 7=, HLOERy OGS EZ 1TV,
=Rt X RGeS & fiEB] L7z (Molecular Cell 2005),

COUPLING DOMAIN INTERNAL COUPLING DOMAIN DOMAIN

& 2m8 29003140

N-TERMINAL GATEKEEPER
223

E\

\:Jil:l:ﬂ
> ‘* Ve / o

- LIGANDEINDING TRANSMEMBRANE
," e DOMAIN

N-terminal
Suppressor domain

IP, binding core

K 2 IP, 28D IP, #£&37(P; binding core)eF M N ImKIZHEZI Y Ly —F ALY
(N—terminal Suppressor domain)®D =Rt X Rt REEFT{E

M-terminal coupling domain
I ],‘.q Tramsmembrans domain

Li nm:l_ binding core domain (Chamal pard)

'_Il_g_l | D
1 228 578 2276 2589 2740 aa

PR I I ]
IP.-binding suppression Gating ]

Ga.tekeeper

Ligand binding domain

domain

n 1]
xmain

Ca®
[P P &R A TS T HEsuppressor FA
A ECHFOMENE A SBEERAL TORS
DT —pF—IN—EA IR ELTFr2ILH
FT—ERO=ES,

12



E 3. IP, ZBGKDBEEFYRIILOBROETIL (1)

Wild-type Y167A/W168A

@)
@) «

Pt .

T I E
\J

Gatekeaper
domain

H4 P, REROEELFYRILOFAOETIL (2)

7Lyt — RKAA D Tyr167 (1 B IPs ZFK), &5 % Trp168 (IPs sk 2 1, 3 1) 1IPs
SZARBEE @R D M4-M5 U > — L EEHEA L, BEEEFERD 54 2000 FKEEENT-7 I /K
AR A N R AR O T B IR STV B,
A B R TIPS K (f2) YW ICE R Z ANT= b D TIEIM4A-M5 U > — L EEES TE R0 (K),
B:IPs BMfEAT 2 EEELHINE & THREEHINR (), &F (B) OlTORKEER T vx
JVOBIA~EEL
b. FyRIILERBBEBDAD—_XLOWAERER
P32 RO T X 7 KisfEIgIE IPs 5 A BFEOFRE & 7 v R D OE G IZMETH DD, Wik
BEITA A O7 I JBIRERIC L s THbTWe, Al Ty 3B OICHERT I ik L
T 1M IPs ZHEEDY T L yP— AL D Tyr167 ZFEE L 4(2), BB+ 2% Lys-168,
Leu-169 &, F ¥ VB OIZBI S LTz, 281 37 IPs 2 FIR Tl Tyr-167 (ZAHYS 3 5 7% 5503 Trp
Thol=d, 38O Trp-168 & F ¥ R/ OICHKEATH Y | Z OFEIKOMREIL IPsZHIkD Z A 71
MDIPOLTIRFINTND Z EREBE I, Tyr-167/Trp-168. Glu-20/Glu-19, Ser-217/Ser-218
(1 743 7)) 13 IPsZAREEEEIRO M4-M5 VU > — L EEEES L. RE@EEK) 5 2000 7%
FEEEN -7 2 RImE & B E R TEIR O TR ICHE STV D 2 EAURIBE N, TORE, T3
J RuitEIE O Tyr-167/Trp-168 FEHE 1T /LR % SV Kt O 2 T v 7 /LB 1 ATBE 2R IR B L%
STEY, IPsEET T TNV ET v FVB O~ L 8T DA D] 6 22 72 o 7= (. Biol. Chem.
2010-1, J.Biol. Chem. 2010-2, Handbook of Neurochemistry and Molecular Neurobiology 2009) (X
4(2)),

(3) 3EDIP,ZBMED IP, HERMEDRE DS FHEDAZEA
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IP3 25 MRIL S TBEATE L, IPs IR A RARN R D, & ¥ A T1IK 42 FA 72 IIICHEL L T, £ DM
R 7o E 2 A LTV D, 22T, &4 A FITRA 2 NSRRIl oY 7 vy Y —EFSI 2 5 A 72 IPs il =
T D IPs #EEEMMEL, EREBRASEKLA T O IPs ZH/E L BHIPEIXIZIER U CThH o7, . Biol
Chem. 2007). (J. Neurochem. 2007), —F®D IPs%HKIKDT A Y 7 4 — LD IP3 #E2aF (IP3 binding
core)x L WH LT, 2D IPs fiABEEZMRD EZHMOT A Y 7 4 — L& b2 B’ iehoT, b
L) DT ——~ Thiib k& & fif\ V7~ Suppressor domain D% % A 7 & IPs $EBAT L DX A T X LNV 'E
Z->< % & Suppressor domain {KIFHIIZ IPs fEABAMEN AW S NTc, TN DORERNBKF A T D
Suppressor domain 7234 % A 7' ® IPs #EGHMMEZRE L T\ D Z & %5 U7 . Biol. Chem. 2007),
(J.Neurochem. 2007),

@) P, ZEREOBEEMENFEN

A IPs ZRKITHEZ WD Z LRI AT » O EER S THo 2., FURICHES L7z IPs ZHIK
ZEEIL pH A2 5FIC L 0 ilERE STz, L L, A IPs A% Ui 7e =R TN S8 14 P1
72 CHRRL L=, T2 b bR EER LI-HURTF F2 REBIIMA5Z ik, pH 2E 271
PURNS X 0 AR A T S5 2 2 2 IPs ZREREEHET D Z LI Lz, 07Dl R
BT, Ca2*DIFE T EFEFE F CRWICHEEZ L2 R T T e AT U v 7 XNV ETHDHZ Ex#HL
M L72(K 4). (J.Biol. Chem. 2003), (J.Neurochem. 2007),

Z OFER TP 2 AR OMKIR E 7 BAMER G (iR B & 2% & pERAE Vet L & oL FEIFS0) %2 Ca2 3Efr
1E T O 2 fIKIRE T BERIC L 0 IPs RO T Cof&EE oz Lz (. Mol. Biol. 2005),

g, [
o R +Ca?* ‘i B
VB S : .
g:#s- {%‘q—_" ;jﬁ ﬁ-i?g
1 \ §
..jmf -Ca?+ o -
g s
Square Windmill

5. 18P, ZERKO7ORTYYILEEEL

IAT 4 7Yl LT BT (K 3000 ki) AfEV, YHFEEICTITo 72
single particle analysis (2 £ % Z R ciE DT — 4,
(J. Biol. Chem. 2003, J. Neurochem. 2007)

X 6. IP,RERD=RHEE BEREFEMEGR) ERRETEIREOERHRE)
(Ca”IEEET) (J. Mol. Biol.2005)(J. Neurochem. 2007)
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(5) FHROKBROER
a) IP, DBRELME (F—EVR) DHER

ek TPs DEENT IPsZ BIAZ N LT, CaztittiD A L E 2 LTz, L L IPs O&EIL Caztik
HOZRREF, HLWSTFOltHE LTnWs ZEE2M 6T Lz (Molecular Cell ,2006), 1P 52431k
D IPsHiAE a7 —ICiEAE LTWT, IPsIZ X Wi s D 60kDa Oy FE&O X /3 7BFE LTHEALT
IRBIT (7—%t > k) (IPsreceptor binding protein released with inositol 1,4,5-trisphosphate) & i 4
L72e ZHET IPs>IPs ZHECaz it &) AR — AN LTV, ZHICz T IPs—IPs
SZREST —E » bORX— LAWHT N - 7= (Molecular Cell. 2006),

[P, {EEHE . IRBIT(P,R binding protein released with inositol

1,4,5-trisphosphate) (. Biol. Chem. 2003) { Molecular Cell 2006
AP BSI7— 3 1P,

ol \t‘ Y g P, B8 E ' — Ca
R ¥ 1 g ™ [RBIT #{H
[ P
W d YL\ P OBRRICBELSTS/

et ® ; Jﬂl;tmmﬂ)ﬁﬁl:ﬁﬁ

L

IRBIT TFRE

7. 1P, DEIEIL Ca? MU T EDHATEL, FRICHERLTHA L= IRBIT 2.
(Molecular Cell. 2006)

b)7 —t v FIRBIT) D&
i) IRBIT i IPs = & OB % ZHH135
K 72 IRBIT & IPs &K% /= in vitro TOFEER T, IRBIT 728 IPs 12 k& » T IPs Z Ak

MOIRBET S 2 & AR Uiz, E7-. 2 IRBIT 28 IPs SZBED IPsf5 & 2 #4252 & &2 L
72 L7c, ZAVETOWIED S IRBIT 13X IPs 2 AR D IPs A HHIRICHE ST H &V D T 050 o
TV, 2 DFEFN 5 IRBIT & 1P 1% IP: S 5A R USBFHC BEVICEES L THET
HZENHLMNE o2, &5, IRBIT N IPsZFIREFEA L. 2D IPsHE& M+ 2572012
IZIRBIT ® U VEMEAMETHDH Z E LML, U U EBIBEAL A FE LT,

INFETIZIPsZBIRD IPs #ER IR H D 12D T 2 VBN IPs & OFESICHAETHDH Z L
NHLMNZ>TWD, b 12O 7T 2/ RICERZE A L TIRBIT & OFEAIC KT T %
BRI ZA 1207 I BOSH 10HL 07 2 /BN IRBIT L OESICHETHDH Z L
D LNE o, ZOfEFRIZ, IPs & IRBIT 13 IPs 2 A KO IBDEIC H D@D T I ) ik
L THALTWDZEE2RLTWD, T72bb, IRBIT 1 IPs & JEE P L 2T IPs
SREEEETHZERHLNE R oT-, 2D L. IRBIT ® & 5 —E45 OREEN TP DO
R L CWDAEEMENSH D Z L AR LTV 5,

Wiz, IRBIT 23 IPs = AR DIEMENZ RAE T Z fRNT LUT-, in vitro TO Ca2ittiZERIZ L v |
Jar v b IRBIT 1Z, IPs DX (2 k5 Caz il Z B ISl L7, & 512 RNA Ti#iEIC
X0 B IRBIT OB ZHD S5 &, IPsZRENSD BT MEHNEB Z 03 <
rolz, ZTHOFEREN D, IRBIT X IPsZBAEOTE-EZIEI T2 Z LB LN E o7

(Molecular Cell 2006), 71/ 0 AMEENCKTT 2R 52 ET D&, IP3ICE D v U AREI O
S EBEE AR LTV,

c) 77—ty MIRBIDDOZ=ZRA vk Vv —¢ LTOHE

77—ty MIRBID® EIZH LWMBIX XZ D FROSFOHERIZE VLN E o7,

)7 FY UL - ERERILEEE 1 KO CFTR Bk (EiEME(L
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IRBIT DORIOEER Gy XN Y A 7 D) ~ Y w7 A - EREEA A4 - kK 1 (pancreas type
Na+bicarbonate  cotransporter 1, pNBC1) T&H-7-, 77—t~ MIRBIT)IZ pNBC1 Zi&EME(L L7,
T 725 pNBC1 1L, O A T < | BHICHEBT 5551 C, BRICZ 0L RIC KV | AR, ANk,
BEE, FERERENBELIEDMLNATWS, LT —Ey MNIEE - HE P E IV T AxE
BV ISR FTHY, WAL T FE pH XNT U REORT LRI O®RE & 2o 7=
(Proc. Natl. Acad, Sci., 2006), ¥ \ZHiT CFIR O A A & T AR—F—@) {EMHEZ b & 2
LCWBZ ENRHGBNE2 o= (J. Clinical Investigation 2009),

CFTR

CH—Ep CI #roenx

(J. Clinical Invest. 2(09)

E8 IRBIT [C&DF MU L-EixkEEREEEK1RU CFTR B AN EEL
FIZIRBIT MER & L CREAT D0 T otz iir L7 2 A, UFOoF&3 A L,

ii) RNA BRI 543+ -
Cleavage and polyadenylation specificity factor (KU AT 7LD 5 LAZY>TAHRY AZ21F
HIRF) ITRE LAY AfREZ7 —t v b2 % Z & ZaEH L 72(J. Biol..Chem. 2009),

Signal recognition particle 14 (£ 7 /Lo —7r v A& G8# L CUMIE~BITIE 507 TH D08,
IRBIT NEHEAEET D Z L 2t L7c, 2RO OFET, ZNET/MULTOIN T T L 7T e
FBEAHEAHITIMN.OBSR EEZEZ LN TWER, WENIRBIT 2/ LTY 27 LTWAHZ EAERLTE
D, FLWEEZIRET 22 k7B 2 5,

iii) IRBIT OB F D RE

IRBIT & IPsZRIKE OFEAEMIT LI=E Z A, a) ZOfEAIEL. IRBIT 0% &Y Vg bz M3
&35 .b) IPsZ AR LD IPs#E A M8IIC IRBIT 2845 A 9 5 . ¢) IPsAE A ICEE /27 2 /B3, IRBIT
EORERICHLEETH S, FEAE Nat/HCOs H#iA, mRNA poly(A) AISIZES 5 Fipl
IZHFEET DN, ZNODEEZRHE T2 2P LMC Lz, BEEARZ LT, 25 OMAEEA
NETIRBIT D% HE Y VEMUIEFER THHZ & THY . LE ) VELFERNICIZFEAY DY T AD
U LB SRR I NMEIET D 2 & 06 IRBIT 1., MO E LTV DRI %A H 5 DL EE
WDV RN F — T L F S L o TEEB OB s 2SI 50+ CTh 5 AleetE %
R LTWD, 5%I1%, IRBIT O%&E ) Vb "% — > EER 1 & OFA/EREINCES 32
DINEN?2 ZH BT LA 5 IRBIT 28, MiNEREEZ B & 0 U U ER(LIRIEIC K+ 5 Z & T,
MIRN OB T Ly 7 F v, pHE, 2 LT, BB EE, MAMICHETT50F & LTEH
< ATREMEIC DWW TH B M LTV,
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Hﬁﬂﬁjm Ma'+ HCO: #T?iﬂﬁﬁ’&fﬁﬂ{t

A W
RN RS 'Eg (NBC1, CFTR) ®:Pﬂ!52ﬂﬂﬁ. J. Clin. Invest. 2009)
l | . SR,

P cotH0 5 HY + HoodBE R R, FRTHEAR DL &

f_*ﬁ 5‘5:- o 3 mRMAS RO iR

— _,{“',i. <> (CPSFHES k)

L -l 3 =

- Clhr Y0 RNA
2 AR mRNAD & % H178
I P, 25 (. Biol. Chem. 2009)

fﬁ-ﬁﬁbﬁﬁmﬂ{'.l'f‘?—h}

(#AER P Ca fr i )

Lira L
BILo MEULE I INFR R R L X

Ml tE S SRR oS RE S

BIRESF - L —Y L0 {J. Biol. Chem. 2009)

E9 IP,DHEYHURFELTD IRBIT DRERICKZEHLIMERIEER KR E
SHLHEELFOBEERICI>TUESIINDIZHLRRE

iv)80K-H O R (J. Biol Chem..2009)

IPs ZRIAD C Kuih IPs ZAMIEERE I EE 2 &E 2 R7- LT\ 5D, IPsZAAED C RKuHiC
HEH L, ZOMAE/ERERE % yeast two-hybrid screening %12 & W 53R L. IPs AR D B A
VERERE 80K-H Z[[E L. £ 0RELRESN D7 v —=1 7125 LT, SOK-H DOFEI 2 Mt L 7= il 5.
365 HHMNH 418 FHOT X VBRIZHY T2 AN 1 8 IPs RS ICHLE+ S ThDH, £,
S80K-H I% 2 L IPs AR LN 3B IPs AR L 56T 5, SOK-H ~DfES 125 18 IPs %
RO DV T D pull-down IEIZ L D RET L7 R, 18 IPs /KD 2637 FH D 2651 %
HOT 2 BRI YT 20 SOK-H ~DOfESICHETH o7z, T OMEKITT X TO IPs AL
DEA T TIHEICLLIBEEFEESNTEY 80K-H 2 UiEAHATTRTo IPsZ AR Y A 7 LiEA
THEEZLND IR IPsZAREB I OS0K-H 1X & bIT/NMakEOMBMEEZ R L2 &b/
falk ECHRFBELTWD EVWR D,

S8OK-H i 7 B C ik ATP 358 M0 Ca2 it &2 A 5812 EA L7z, 80K-H FELHHIC LV
AL CaZ it HEN TS L7z, SOK-H EHEARA LI~ A 7Y — A8\ T IPs iFEMED
Ca2t it HEN A BTN LT, 2305 O FEEREE R R L ORI O B AVE AN 225 80K-H (X IPs
ZRIERD C KIglZkEETHI LT IP3‘§<7§{ZI§0) CaztfitiiEtEZ Lt S ED B2 N5,

SOK-H (X7 /L3 v mfiIZ B W CRILUIERD b vz o 720y, K0 5E 72 N JRITEIZ DV T
et 5720, e 18 HH O~ 7 AME ) O AN 2 5 U, ek L 0 RET 21T
STz, TORER, 80K-H 13 B in O MR IZ W T 1 R IPs AR EILREL TEBY ., F7-
BERZERO—ETHHBEL TV, D OFERER) G, 80K-H 23 1 5 IPs Z F ARG &
I U CHEB AR RAIEIZ 35 1) DR rT MR BLIZ % 5 L TV D ATREMEN B 2 515 (J. Biol. Chem.
2009),

(6) RIEEDINAUIZEBHILL I LRBEIBRRVFRID LAY LR T (Na', K-ATPase ) & IP, 5%

BHROEETALDRE

TOINRA NINEMEAT B A RELTHEHADERRNICH D, VI NAL R RMEE TP D &L
TN MEBIEFOX B2 TEIC, P32 RINT 5 IPs AR CEMIEAN~EALTE BT 7 AETHHR
X570, IPs DpEA L ITHINIC IP3x4§~ﬁ§75> Nat, Kt-ATPase L EBEHEALTWDH D k%%(EIJé’@.‘fuo
FZTHE AT IPs ZEIR L Nat, KT-ATPase @ EDOENFES T 20 FFHRD 720D TOREA TN
EHRE L2, ZTORER, IPsBRRON K EFEART H 2 &2 6 L7z, Nat,K+-ATPase iéﬁ%@
AR EICHD KON O Nat,KtA 4 OELY a2 fu—/L L CHIIRNOA 4 REAR & Bt
IRETHEERR T ThHDH, 2D Nat, K- ATPase & IPs SAIAE NEEFEETHIZ L E2RALE
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(J. Biol. Chem. 2006),

ouabain

N\

Na,K ATPase

Extracellular

@t‘.‘;‘g}]- PM

COOH

Cytoplasmic

ER

Ca Lumenal
E10. 97/81I=&B Na* K* ATPase M N-Kifi& IP, ZEEDYH UK
BEEBUOBEERAENLI-MBERAALS D LAF VRS
(J. Biol. Chem. 2006)

Nat, K+-ATPase I%. RO BRE M2 #2720 Natz il c % < . K2 NIRRT/ I E
BBk Ao, AP OHBEDFEIZRLRISF Y « Ny I AL —DETIILOEIPEE 2R L TWD,
Na*, K*ATPase & IPs S BAERFEAT A Z 13, ZOETF M IPsZR/IEREb > TWA = & R4 5 B
T =X ThH D,

(7) 1P, ZEEZENLT- BONFiNHERMEREREF) OS2 bE=—a1—0> O RERMEDIRE
/IO RERIAIIR I, MRSNREIZ S U T BRRZEE MR ICEE 2@ & 2§ 2R R ER D —>

[BDNF] ZEATHZ ENMBNTWD, £-—F., ZOMBaARILS 18 IPs S BIKE I LTH
I DT DN S D Z Enn Caztittt & BDNF ORBLORRIZER Lz, Z ORE R,
18 IPs 2 AR & R4R U 7= fl A 2 ~ 7 2 OBERLAIAN Tk, AR s Uiz Lo o AT )
5D CaDFHME E A ERNZ ERG0 | RIS Uz BDNF 038 EF /070, &5
|\Z BDNF % 1 IPs 2 AR KRB O/ OB AT 2 & 1 IPs S HRIERER O 7 L%
T OBPRZEEMEOIK TN IEEIZED Z &b oo Tz,

PRI T % o AN FEFITHEIR E LT3 LWBNRZERMEZ R oloxk L, 18 TP 2 551K
RABBL D 7 % o =l O fhiR 2SS i R 13K & < ELAL, BRIRZEIEE DR 3 i 3l LTz, & 72,
BBAMBIIC X A BIEORER, 18 IPs SRR K IER O /NS R AR O #il 538 D AR 12 1L AR EY)
Bxaaih B 2WERNEEICERE L TW5D Z L2590 7= (. Neurosci. 2007),

fhiR 2R K 70> BDNF M3 K0 & OMBMREME O 2 E T2 E WO L &bd b &
RN C IPs Z AR 2 L CES L7 BDNF 23, FERIMIAN B & ORI /EA L THRmEDE O
BHAHEIEI L TWA L E XD, AENTTLx o miaO SR ZEE O MR . /IR FE ],
3% 18 TIP3 /%4 L, BDNF O WA L <, /IME7 L v = flifa o 22k ey 7
A AEFE L TS Z 2D THLZ L. (. Neurosci. 2007),
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IP3R1KO

mGIuRS

’:f LS | / \pfé

Purkinje cells ¢

B11. IP,BR/E/vOT I RERROD BDNF O 53 BRI
T ITHROEEGEMRZEROME
(J. Neurosci. 2007)
(8) 1P, ZEKRDEEHRIDRS
oz 1 IPs Z BRIROKEEE 2 BLE 3 5 Ml EE Db &% 2-APB(2-aminoethyldiphenyl borinate)
DAY V—=2TIZEI LTz, 2-APB #2562 21280, IPsEIRE ZNICHET 507 LH)
FENESNS Z L 5 0MC LTz, J.Biochem.122,498-505(1997)\2%% L1735, 400 LL_E O citation
Lo TG, ZAUTBEEEEMICA & 2 — RREAE LTER S, 7~ b b REINT
W5 (T v MIYEFR S 722 72), BRI~ Z U TIHRBICBWTEIA T b= RNy o A8hEEICE 5
LTCWBZ EBWBNER ST, (. Pineal Research 2007, 7 7 2V D7 )—7" & OIL[FEINISE),
(8-1) EZEBEHIHLEEZTRHDER
2-APB X IPs AR EHRIE L TAZ ) —= 0 I LV RA L7208, R IPs Z &AM S O Ca2t
ﬁﬁ?ﬁj WPV, Mgk S O Caztiit AR EME Caztiit N &2 BLET L Z L&A Lz, £Z T, 1000
TV E 2 BIFERIZBWTAR LT, A7 UV —=0 7 L72fER, BEM Caztfi AOLEICE L
T 2-APB X W & 100 fF fiz IC50 0)1&%{[:/\%%3%5 N Cal 5 ) R DR el
(DPB161-AE,DPB162-AE,DPB163-AE) (Goto et al., Cell Calcium 2010, Suzuki et al., Bioorg Med
Chem Lett. 2010, Ozaki et al., Bioorg Med Chem Lett. 2010) , HifE., IPs IR BRAITIEHT 2
{CEMEGEDLT-DIZAEREAT V== T BB LT 5 (B 13),

NH: t.r|

<OENSe
'J/NH2 (\ﬁr T 1 _NH; MH,
! DPB161-AE J J
g0 L doo'e
2-APB . ?f DPB162-AE
. ~B By
OO0
DPB163-AE

12, EHZEBEALSHLBEFDESH
(Cell Calcium, 2010, Bioorg Med Chem Lett. 2010)
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82 FTUAIT NI F—BOIEMNEEZILE T UL, BPERIECARZENE 72 & O ¥R O IR HRESTBS
WD Z EBR TSNS, LL, ELERBWHERD 20T, TO R A7 0E I F7—EIC
HEH LILEAE 722 5 LAY OEICE D #LA TS, 2RO EM OB R 2 — IR E T
X HMEEEZRE L ALEYORE LILERNROBREZFHARIELRZ L, EHICIWHERZEKT S
LRI LT, BT I 2 R ALEMIC N T ATV E I F—EREEERNH D Z AR LT,
I1C50=0.082 pM DR —E Wik 2~ 3k AEW Th > 7= (Bioorganic Med Chem Lett, 2010(a),
2010(b), 2011),

9) IP,ZEGOHMBANSTrvX2T OWMRE
1) IP, 274k mRNA #3838 mRNA BRI D #HRZEAEX D 1R
(J. Biol. Chem. 2004) , (J. Neurochem. 2006, 2007) (J. Cell Sci2004)

o4 2VFE L L4 L7~ RNA$54 2 2237 B SYNCRIP (hnRNP Q1/NSAP1)7t mRNA BBk O
BRCTHDH L&, 7aT 47 AEN EREMFEHTIEZAOCTHLNI L, ZOEET, %
Kz T EHWT 18 IPs 525K mRNA [k L, IPs &8 mRNA 7% SYNCRIP % &¢¢
mRNA P8R Cliit S5 Z & 2mBT 57 — ¥ 2157, AUEOEZ, 18 IPs AR mRNA @
BRIRZEEICIIT 2 RITIRIIR S, AL T LT ¥ RNV TH D IPs S RIEEXA TORIEEZSIFE L, v
VULV F VORI Z > QOO D ATREME AR R LTV D,

1) mRNA (IP;R) | & = ~0.05 pm/s

Kinesin(?)

Microtubule

2) FHK /M iadk 0.2~0.3 /s

IP,R

Kinesin

Microtubule

3) #834K /Miadk — 0.26 ym?/s
(5 H80) % ‘}E

4) 4SR5 -

o Vi

X 13. 47880 IP, ZBREDER (FS571vx T ) iE
(J. Biol. Chem. 2004)(J. Neurochem. 2006, 2007)(J. Cell Sci. 2004)

2) PFE—HA—ICKYEKREBEAZIESND, vesicle R/IMNAAEDFER

(J. Cell Sci. 2004), (J. Neurochem. 2006, 2007),

HREICLD L, MIRNAIAL YT LARNT THD /MR 32 £ TERICEY XS Shizf@ko
BETHDHEINTWVD, LOLAETIE, TN THEIRERENEZ XA F I v 7 IZiksnd

[vesicle YR/ ] NIFET D Z & &3 A L7z, Vesicle IR/Nafkosmkl i/ Mg L e —2—4%
/X778 kinesin IKFIITH D Z & bR L7z, S 5T, vesicle IR/ MEMIL IPs &K & ORNTEMED
IR 2 R B RS IR ER & RARICHIIEN I LY D A A R T & L CHERET DREN 2 RS2 & b
AEA L7=, Vesicle R/NOAIZHEBARFEHIIND L 7 b = — T OBRIA M L 72 D BHRZEE D 43 I 51T
ZLAFETDHZ LMD, BRIV T LY T IV ORKIEICESL - L THEEN D,

1R IP, ZRAOAALIFIEHMBEORR
(J. Biol. Chem. 2004, Biochem. Biophys. Res. Comm. 2006)

WG A 7 A 2 DRI R S &7z GFP-1 A IPs 2 5 R(GFP-IP:RD) O EhiE 2, fhikZEE & 2
INA AT B W TEGIR K FIEE(FRAP 15) % W CTHEAT L7, IPs Z AT/ MR D5 E 2 {005 5k
BUZE > THAFI v ZIZENWTWND Z EZR Lz, EbIT, 18 IPs A RIITMILER F-7 7 F
& 4N (1B IPs /S S & v 7 8) 1TkAF Lo, [EA ORDT LIRSS FET 5 2 &3 5
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Wlpolz, F-r7F b 4AINIZ XD 1B IPsZRROILHEOFIEIL, F-7 27 F o O iElk T 1 4
IPs S AR 2MB < BRIT, Ca2tfig i O ZEMRYHENIZ B 4 2 rREMEN & 5.,

I/ 7 v AN TRl <7= & Z A, IPsR1 (Z/hafke ER BT 2 IoThEBoE# 217 -
TWDD, TOEIBIT 7 F U BROIEEIC L > TEBI R A2 L. £7-, JVZ I U
ZREDIEMALIZE VAN O L AREELZ PR ESEEE, AL VNTORT 7 F Ak
BROBENEIML, IPsR1 o@hx B AR5 Z & b Lz, AHFZEORERIL, BERk—7 1%
YR O T AR MMEERZ, A% il A S, VINTT 7 F UM E R OB N %
LT 1 IPs 2 BIKOYLHCEEB N HIR S5 2 & T, i RANCEIIEDEE MR K72 A
NRAVHNDOANT T LT FAOEMESI SR L TWDAEEEZRETILOTHD (J
Neurochem. 2010) ,

4) IP, ZBAEDISRAE) T HIED BT

(J. Biol. Chem. 20053, J. Biol. Chem. 2005b), (J. Neurochem. 2006, 2007),

IPs RIS, AN Ca2tBE NN 5 L7 T2 —% BT 5 (75 2Z Y 7)) L) Bk
EDHEERSH D Z ERMESINTWD, AR TIE, IPsFERT 7 2% Y o7 ORETGE & 5 11tk %
FEAMICRRAT LTz, ZBRIK IPsZARERZ AW ERICE Y, IPsZREZ 722 ) 0T IPsiEaIcE b
) ZREROBEBANVETHDHZ E2EE kDT, 2k, UV FESICEIVZRERN Y T AKX —
R TAZ EER LAY ORETH B,

(10) P, 2R LELDKEE
(10-1) /DiERFAE 1 B 1P, REHK

2 RO IPs RO KBIFEE/MELHEZOZEB 92 13, FRxBNERLZBR KRBT R
(Nature 1996) THH LN TH D, ~ U ATEARERIZEDBREN 2 oWEINTWD, B FTIE2F %
RIEEFICE DEZRDHRE SN TWD, 28 3FID IPs ZR/IRD X 7 I)V/RIB~ 7 A TIIMER 5y WA E |
IR PR | BER P EEN B E 5, T2 TR FAIVEREZETHV=— T VIUEBHOBERY o
—<FOBHEZZDIZ 2,000 AH< OH CHRERBEFEZBBLIZL Z A, 50%L EOMERTHLIEH
2 IPs ZAIRTUA B 7= (Clin. Rheumatol. 2007, Modern Rheumatol. 2007 ), %4 O H %
RO X A TIZRY IPsZRIRDF 2 DRI DT 8 =T OHFURPEA SN TV, ZH DR
HOSMEREBBEDOMIEZ AN T, 2L LTHEHL Y 2R H D 2 L2 R LTS,

Fo, 28 38 TPy AL, SRRICEB W TH oI L CHEREFHIZRZLTNDH LB X
Lz, IPsZREROHURIC LY | S¥BIG B SN2 o T, BPEICOWIRN SV . & 2356
ST, BEOLL, ZOBWRE D WS NT-WEN, BRIEOMFFOLIZEETHLI LD EBZ X LI
Do Min L & BITERBEOEMEN M E L3, ZOFFEIL IPsZFENSEMEOMRFICEERThHL L&
R LTCW5 (European. J.Neurosci. .2008 ),

(10-2) MBFEE. DIEXIZHETS P, ZBEDKE] (Plos One 2010)
IDEFRE

SERMEDEBIL, HAEDK 1 %, FEDK 10%I12380 b5 HAIEE D@V EREFE D 1 ST,
H A TIE4AER] 10,000 ALLEO e8I & 2 Dfik &R > TEEN D,

18 L2 B IPs RO A OB ZBE Lo, ZO/RE, 18 IPs A RITG A F 1)
SIRFEEICRI L, 2 8 IPs AR OIRE BAOIS, RS ODIRO RO LN A 2> S R BL LAR
DOHIZORERIZRIT D 2 ERXmh oz, BID IPs ZR/K ) v 7 T 0 b~ A 2id, DIEEILT
D LT DIEEER AR NRO NN & 2R L T\ e, £ 2 T4AE, 1L 27 [P 25K % R
W/ I TR LY TR (BTN I T O h~TR) LA TN ) v T U b~
T ATIE, LB ELEOROE Sy (BEE) ORZERMIOHAZE L < o TONBIR DR A RE %
BT EERALE, £, ¥TNM /) v 7T U M VAOEEEZROH L, ¥y — LVNTHET
L& LR REERRAR ORISR Z B oz, B, X TN v 7T U b~ ADDETIE,
NFATcl OEEN~OBITOREIME T LTS Z &0t U VbR NFATe4 O ENRE - TW\D Z &
O, Iy =a—U  OEENMETL TS Z EE2HEHTHZ N TE T,

ETN I 7T T R~ ADLNERRBEREN, Iy =a—1 OIEHIKTIZE D ONEREE
THEDIZ, XTIV v I T U MU AOBREEMEMIZ, 7T /) UANVART X —% HNTEH LS
TNy =a—Y a2 EFHNCHRHEIRET S &, BB OBEAEE L, HERMBOBRNEE
WZHEIN L 72,

1ODLEE 1IOOLERETEZHEHSTT T 7 4 v aTh, BEMICERBEICRNERESNS, 7
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T7 4 vy aDRIC, IPsZEBOMERLEZINNZ D L, BEREO FREFEEGRS G S, FoORAERE
ZHIXEZ Lz, IPsZAMIT, LI TSR 8N P ETASEHE L, DRFEKO3RA I EE
BB B Z L EFEAT D Z Lice o7z,
Alal, R ODEEOF THEHEO®mVLEFREKE, LFETRAHE, ODABKRXEZ & OREESOR
DGR D—IN  IPs SRR E T AN LS T B TF ML DTNy =2 — T o DOIEMHEN
B4 Z ERHALNER-72 (K 15),

e Y, e
3 IP,Lt T 52—
3 felzos
i Calt
-] L
i PIREEBR pma—yy
’ =1/
5’_ P
R v
5 Y oo
2 RIEFRB
™
™

18 . 280P3L SR —

H14 1828 P, REGSATIVL/vITINTIRDRNERDEEREHNRELD
(FEX) 18- 2B IPsZKIRZ TV ) w7 T 0 b~ AT, DNBREAN ORISR O E L <
AL TnWs,
() 1 8 -2 B IPs B KKK TNV v 7T 7 b~ 0 AT, LAEMILO NFATel 1IN ~%
T3 MENICE EEoTns,
15 (f) DERAECKT D IPsREENTHL TN A r—R
178 2 B IPs S AR Z T DN LS 7 By T i, v =a—1 &gk
B35 Z LIz X 0 DR A ZHET 5,

IR K ( Circulation Res. 2010)

B LARE, 33— v NOEEEIZB W R CREROFH A % 5 216 O R EE 2B T, DD
INAEPLIRRE E 2 72 D R AR L LTV 5 18RO AR T, OB R0 D SRR DR HE L 2 BIEL S
TS DIFEEFER AL DNIRRE DEITITIELS b o TV D EE X BN TV D,

ToOAT v MM ZFERB T U U UZFIERED G # o™ 7 I R RIE, B AT
HEDEREFER T, BIELDAREOREERICB O CHEERZEHZRZLTWDL I ENMLR
TWa, DIETIH., 2NO0ZREZRET 5L IPs AR L. 20 IP3I2 K- T IPs BN IETEL
S, MR D B LS T LETRE Td /NS IV T AL F o Z T 5, IPsZAEICIE 3 o
DEAATHRHYD, WTNH LI THEE L TWETH, P TH 2 IPsZEEROREENMENTHDH EH X
LTS,

(1) DR 2 B TP AR EPE L~ 7 2 OERL L fi# it

DFRFF R 2 B IPs 2R BREIRBLT 2~ v A2 ER L, REMAMIT L2 A, 120
I CDIERZR LIz, 2O~ T A6 HEEL RO Z VT, IPs Z/EET 50y
U LA G OFMEFART, G X R EIEZRED 1 O ThHT U R U REEZRI L T
IPs BT D8, ANV TLRNT Yy NOMREZBIE L, ZORKENG, WEFEL L 2
TPy S AR TIP3 I N T A TF v RV & L THREEL TWD 2 &3 o T,

DBAIRIC BN T IPs 24K T AT V4T v v QS RIRFHGRIEC 8 7 R LT U U S AH
FEAIZ X > T 28 TIP3 Z A IBREIFEHL -~ ¥ AT K22 0BRSS %R Uiz, 20D OfE R,
2 IPs R ENTDHNY T DA F L OFHNS, ARICBT D 0EREFIEEZFTZEE2RL
TW5,

(2) DM IPs AR > ViR B~ 7 A D/ERL L i

DR RN IPs AR D2 BEIRBL L, LHICBIT S IPsZRERENT DIV T AL F D
T ZEIH T o~ AERER LT, 2O~ T ATy Ke U USFEEIRIC LY IPs 2435 &
2 IPsZBEMNE DTN T AAF it Zzdfl Lz, 2, = Fe U Rl TAR LT 1P
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2 IPs AR VITHfE S v, 2 8 IPs ZRIRDIEEL A IH S Tn D Z 2R LT 5,

IPs AR DBBIZEH~ 7 2T, T o P T v v I SRR EHGRISC B 7 R LT U 2 5
BRI LT, IBERMIGDOREIZ R LIz, ZADDFERND, 2 IPs 2R OTEMEAL 2 i
T5HE, ERICBITDODERPMZOND Z & 2R TE 7,

(3) RN BIT D IPsZHBEICEDDIER~D I LY =2—Y DR

HLG R NFAT X, Iy =a—) ko TR bsh, DIEREZFI & 23, IPsZA A%
WLV T BA T ORBIZEDDIERIE, IV =a—U UBEELTNDLINE I E, 2
T IPs R RBRIFHL~ 7 A TH#H A=, 2D~ 7 2T NFAT OEGEEEZE L L 2 A, I51E
MO EANED LI, Iy =a—U UNEHEIELTWD Z ERnhoTe, Tk, 28 IPsZ%
W#%@ﬁw/ﬁA4ﬁ/@mm@ﬁwy:;~uy%ﬁﬁmLuMEk%%%ﬁzﬁﬂ%ﬁ%ﬁ
LTW5, BE, BHELDALRO THRERET DDA RIBEEKE LT, BZREIEWIKL 7 ¥
T %?ﬁ@%fﬁﬂiiﬁ)ﬁxﬁk ENTWS, 2D 2-O503ANT. G & 237 G sz 5 A
WAEMET 25 2 L CEOMRERET D, AR, G ¥ X7 FHEZ FERRIEN 5] & 2 90K
IZBWTC, IPs AR EE 2 HKE Z R L TCWNDZ ENHA L, DAEDTHEUETIHL
WEERI OB SN D,

(10-3) BHEIZHT5 IP, ZEEDEE] (Proc. Natl. Acad. Sci.2008)

BHBREZ XU L T5FRABFHARMESORELRWREETH Y | BHEEORYIFK I - Frilis
RO NEEN TN D, BIE, E MO 2 Sl 21 75 L~V TR E BB ) ém
TW5, TOWERENG, BE MO EIZ IR B K 7 NFATcl 230 ZE72 70 Th D Z E DB 5
ot

AWFFETIL, LT O 2 DO FETHEMIEO b E 2 g L,

1. RANKL+M-CSF @Iz & 25 /o ok (BEmER#E J7 i)

~ U AEHHEOMIEIC, BRI AERRANKL EM-CSF %0z CHEZEHE TR 1
BEL, Sb2HE T 50T, WEMaoEigEEETH D,
2. BIFMIEIC X AmE Aot GEFREE 51E)
~ U ZEREROME L BEMBPE AL X I Dy FAETCHERE L, BFEMANIERT S
RANKL ZFIH U CTiE a0 b 235585 5, e fia & &2 ia o3 Fi Rk T, BlEqE &~
DEH, EVAEKNIZEWIRETHL B2 6N TND,

~ 7 ADIEE L T ONTIZHT- > TE, ~ TV ADOKRBEOU R Z/ER L, 208 N oOMEHil
% oAl UT2 i E MR 23 R c e b 5 TRAP Ytk z UV CTiERk L. — I T 2 EHila e 5k
Too BEEIX~A 271 CT ZHWCEHII L=, %éﬂk%#7947@I%R//77?%772®W
Bl A AW CTHEIMEE R 21T 2 LIk 0 a2 8 e 3RO IPy S5 (AN FEBLL TV |
5%2@%%%%<%ﬁbfwé:k%%%ﬁthoé%\Z%megm%//77?bbtﬂ%
I, E RO BIESRIE TN FE LAESINS Z &, RANKLAKIC LD vy o Aty L—v
3 v, BELUNFATc1 OiEMHAL BEABAT) D Z HR0n2 k%k%i@to;ﬂ%@ﬁﬁﬂEIMNmQ
TIMC Lo TBIESND N T LA F T L —2 g AT 2R IPs S RIKDMATHDH Z L, EHIT
DR LRI, BV UL/ Iy =a2—1 2, /NFATcl &\\5 v 7T IURENRILESND <E\ E&”ﬂ’
MR DAL G T B s Z EAVEB L7 (1K 15)
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Immunorecepioms

f TRAFG ¢ Fos
IP3R2 o Sans
g
\.‘ PR
| ERETHEE

Calcmeyrin

R g —
}

R e

K15 BERIZRITAEREEZER
STHUNRIN D V> 7 DARTER 7255 TR
STARBFE TR ST HIAN B L 7 BFEFHI T 4y TR

(10-4) LRFS ot —ELTD ERp4 D L (Cell 2005)

HiER EOAEMIT, e 2 TIEMERRBRECHE A R A L AIZ L > TAERMENSBIEA R L ADERICIE S
N5, EVELOBRT, AW, AERNOBRLETT (L Ky 7 ) REZHIETH L Ky 7 A
AR ESEDL LT, TNOHDA MLV RIS L, AEERNOEFEEZHERT25 2 LIk L T& 7,

A A, Fx1X ERpdd ERETIN D & X7 EN, MN TV D MAZEICEE LT D 18 TIP3 2%
RIZFEA L, Oy NEHTEEZGIEIL, U Ry 7 AEEZ ST 2 RWE L, 2o &
WZED. LRy 7 ZHIH & IPsZB/REZ N LIz vy 7 MMERIREN . ESEE L TWA Z &390 TR
Sz, MRENO/NMIEEIFIEND8E TL Ky 7 ZREEZZBHT D0 FORLITWDTT, Lrb IPs
SZREEEEZEE L TN LEZGHE L TS &V ) ZOFRLOERITHRAN ORI A b L RIEIE A
= AL E AT 5 R TREKREV, ERp44(Thioredoxin family)lZ/MafkN OELETCIRERZ L A L
THNT T DMESFENS TP Z AR DTGV 2 HIiH 9 5, IPs IR0/ MakN D Cysteine (3 ERp44 (2
X5 IPs 2B ORIEMAVICE T ERpdd T IPs 2 25 (K75 2 7o L. £ 7- . ERp44 OB FIFEEIX
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Calcium Bone, teeth (99%)
Ca?* (ionic form) (1%)

metal ion

toxic to cells
Important 2nd messenger
(low intracellular
concentration)

10°3M Ca?2t

10°7M Ca?+
IP;receptq

Role of Ca?* in muscle
contraction by S. Ebashi
Troponin C as a Ca?* binding

protein
(Ann Rev. Physiol.1991)

ER: Endoplasmic Reticulum

Regulation mechanism of Ca2toscillations
in living cells

Plasma plasma
membrane membrane Influx
CaZ*pumf)
(PMCA)
Extrusion
Ca?
10*M
Reegéptor
Ca?* induced Ca?* release IP; induced Ca?* release
(CICR) (IICR)
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Ca?* oscillation during
fertilization

sperm

€99

oscillator (Science 1992)

(Science 2001) ;:J M . J\ j U

(J. Cell Biol. 2003) == = =
Slow Ca #* wave: 1/2-3min

IP, receptor is a Ca?*

Function-blocking antibody

IP3R FAMILY

IP3R1: mouse and rat (Si/Sii+), 2749 a.a.; human (S/Sil-) 2605 a.a.

LIGAND BINDING MODULATORY & TRANSDUCING CHANNEL
DOMAIN DOMAIN e DOMAIN

G N-glycoaylation
emz+ & v
TT0 .
=1 s (ASB"C) o™ binding

DDEVDR

IP3R2: rat and human, 2701 a.a.
inn ﬁ

ca™ binding

IP3R3: rat, 2670 a.a.; human 2671 a.a.

—IIII E3

ca® binding

MW: 314kD

Three types Mouse IP;R - (1,2,3) tetramer

Human IP;R  (1,2,3)
Xenopus laevis IP;R (1)
C. elegans IP;R
Drosophila IP;R

Starfish IP;R

Single gene
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Variety of physiological/pathological phenomena regulated by
IP; receptor
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Nature 2002 Science 1992 s |
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What is the

gating
mechanism
to open the
channel
pore?
ERlmen =~ B nel pore
—> direction of conformational wave
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Suppressor domain

D G p——

Critical for IP; gating

Ligand binding domain

Suppressor
N-terminal coupling
domain \ Binding core Transmembrane domain
1 1
1 226 578 2276 2,589 2749 aa
IP;R W ]
IP5-binding suppression Gating
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N-terminal .
coupllng omain

Ca?
Gating(.d
cytoplasm

Deletion of the N-terminal coupling
ER lumen

domain — more than 10-fold higher

affinity for IP3
— no Ca? release activity
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Alignment of of the sequence around

Tyr-167/Trp-168 in IP;Rs
A

mouse/rathuman IPsR1
X. laevis IPsR1

155
155

mouse/rathuman IPsR2
mouse/rathuman IPsR3

155
156

D. melanogaster IPsR

159
156
155
189

P. argus IP3R
A. pectinifera IPsR
C. elegans IPaR
B 807
&
@ 601
]
[
& 40 1
3
2 20 1
o IPsR3
3 =
IPsR3 W168A R23-11
A

Tyr-167/Trp-168
in IP;R mediates
functional
coupling between
ligand binding

and channel

opening.
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Unique structure of 1P, receptor with pores on the
surface and vacancy in the luminal part demonatrated
by cryoEM 3-D structure is convenient for the scaffold

function.

How to determine 1P,
binding affinity of each
type of 1P, receptor (1, 2, 3)

Suppressor domain was
critical for isoform specificity.
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IP3R FAMILY

IP3R1: mouse and rat (Si/Sii+), 2749 a.a.; human (S/Sil-) 2605 a.a.

LIGAND BINDING MODULATORY & TRANSDUCING CHANNEL
DOMAIN DOMAIN
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IP3R2: rat and human, 2701 a.a.
é ]| Iﬁ-
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IP3R3: rat, 2670 a.a.; human 2671 a.a.

—IIII E3

ca® binding

MW: 314kD
Three types Mouse |P3 R (1,2,3)

Human IP;R  (1,2,3)
Xenopus laevis IP;R (1)
C. elegans IP;R
Drosophila IP;R

Starfish IP;R

Single gene

IP,-binding affinity of the N-terminal 604 amino acids
of three IP4R types correlates well with whole 1P;Rs.
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IP;-binding affinity of the 1P,-binding core
domain of three IP;R types are similar.

IP;-binding core 150 — 123
domain of three IP;R 102 ~
types (224-604 or .
225-604) expressed .
in E. coli
b 25 -
Purification with 20 -
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‘:_NS. NS NS.—]|
r

Apparent dissociation
constant (M)
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L

10-10]

typel type2 type3
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IP,;-binding suppression causes isoform-specific 1P,-
binding affinities
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N-TERMINAL GATEKEEPER
223 COUPLING DOMAIN INTERNAL COUPLING DOMAIN DOMAIN

I—I—|

2500 2748

..:"7_ LIGAND BINDING TRANSMEMERANE
W DOMAIN DOMAIN

- " ’r/ ;_/I_F:3 binding core
N-terminal s 5‘:‘1

Suppressor domaitf _

IP,-binding suppressor domain makes isoform-

specific IP,-binding affinity of each IP, receptor

Y167 (essential for channel opening) locates on the
opposite surface to the determinant residues for
IP; suppression

orange: Y167
magenta: V33 and D34
red: L30, L32, R36, and K127

Mutated or deleted residues, which were not essential for the
Ca?* release activity were indicated in green (K168) or cyan
(the others)
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Molecular Assembly of Functional Domains of IPsR

Trypsin-digested
fragmented IP3
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Intramolecular interactions facilitate the self-assembly to restore the
channel activity of IP, receptor
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Novel IP, indicator:IP;R-based IP, sensor (IRIS)

—Visualizing IP; dynamics by using
Fluorescence Resonance Energy Transfer (FRET)
IRIS: named after the goddess of
||:)3 N |p3R N Ca2+ release the rainbow and the flower

(J. Cell Biology 2006)

Locally Produced IP; Polarizes the Growth

© Inositol trisphosphate
D Nerve growth factor
@ Phospholipase C

Akiyama et al., Science Signaling (2009)
Control of Neuronal Growth Cone Navigation by

Asymmetric Inositol 1,4,5-Trisphosphate Signals
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Asymmetric Ca?* Elevations in Response to NGF Gradient
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Asymmetric IICR is Sufficient for Growth Cone Attraction
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‘@ 309 L1 Laminin
o | Ao |
& &
20+ =
g 3
]
'] e
O 109w s ok kk ok ARk %
c
<
o 0 ¢
g (13) (24) (15) (17) (13) (14) (15) (19) (18)
= o S
S \\'S e:.\"‘«cb‘g v? <‘S‘° @
TS S S \q Pafer S 3
QLQ -Q:\ @.Q xc:,Q [}
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(Science Signaling 2009)
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-
St'lm“ ' IP, releases Ca?".

Receptor | PIP,
G | PLC

/

1P,

!

IP, Receptor

N\

Ca?* (through channel pore)

Question:
Is the role of IP, only to release Ca?*
through channel pore?

Pseudoligand of IP;R. IRBIT(1P,R binding protein
released with inositol 1,4,5-trisphosphate (Molecular Cell 2006)

IP, binding core

o 1P
IP;receptor —» Ca?* releas

IRBIT

™\ ARG required
V for the recognition of 1P,
is also required for

1P, receptor ..
3 P IRBIT recognition

IRBIT molecular

mimicry
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1) IRBIT inhibits Ca?* release and Ca?* oscillation

A B
= 100
e
o
3 ® no siRNA
2 50 B IRBIT siRNA-1
Control  IRBIT  IRBIT-S68A g af Soptvol abiAs
-4 B IRBIT siRNA-2
§ " H @ Control siRNA-2
i
I 3 Ipa Ips IRBIT siRNA Control siRNA
0.25uM ATP 0.25uM ATP
o] bk wh o
caz-l-
time 4““_1_1 J‘_ T_,
m I I l l time
e apesns

(Molecular Cell 2006)

Several functions of IRBIT

% [IP3] high .

" /"w ..
& =

T I ' (I

1) IRBIT inhibits Ca?* oscillation.  (molecular Cell 2006)

[IP3] row

#
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2) IRBIT activates Na*, HCO, cotransporter 1(NBC1)
which is important for ‘ acid-base balance.

(Proc. Natl. Acad. Sci. 2006)

Structure of NBC1

. C-terminal
K (kidney) -type y.y
N-terminal or .. t
—tvne A o oAD
P (pancreas) -type £ . e horylated
Qe 2 sites
Diseases; Cataracta Glaucoma Low body weight

Mental retardation

IRBIT coordinates fluid and HCO3- secretion
o BASOLATERAL } I_!]LUMINAL
|
SEJEKJJ'G?HCOS'

211C|<
i)
C!- "": IRBIT

Scaffold

Cl "::; Cl- ProteinX

(J. Clinical Invest. 2009) rL[l
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3) IRBIT binds to Cleavage and
Polyadenylation Specificity Factor (CPSF)
(It regulates polyadenylation)

IRBIT

IP,R

4) IRBIT regulates the synthesis of secreted
proteins by interacting with
SRP (signal recognition particle)

Signal
sequence

/ “"Ribosom

5 'tap

® mRNA

. receptor &
Endoplasmic *““P"

reticulum

Peptide
| translocation
| complex

peptidase

IRBIT Endoplasmic Reticulum
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Structure of IRBIT

essential for IP;R-binding

1 104

IRBIT

:
phospaarytation 51% identity
Hydrolase (SAHH)

5) SAHH is involved in methy-transfer to
various proteins, DNA and RNA.

IRBIT: a pseudo-ligand for IP; receptor

Extracellular Na + HCOs Activate ion transporter
stimuli lon transporter ¢ Adjust the ionic balance
PM .W (NBC1, CFTR) (PNAS 2006, J. Clin. Invest. 2009)
® Glaucoma, cataract,
dwarfinsm, mental
retardation etc.

mRNA synthesis machinery
(CPSF complex)

I
1 co:+H0 SH* HCO3-
IP,

.
(Mol. Cell 2006) (" @ RNA
Regulating mRNA

synthesis(. Biol. Chem. 2009)
Protein synthesis machinery

1
E? (ribosome)
(internal’Ca?* Store . ®

Inhibit Ca?* release ER stress

® Neurodegenerative diseases Reg Iating the synthesis
Osteoporosis, Sjogren’ s syndrome of secretory proteins

F -

IRBIT! ' "J 1P, receptor
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Loss of function of IP; receptors
IP3R FAMILY

IP3R1: mouse and rat (Si/Sii+), 2749 a.a.; human (S/Sil-) 2605 a.a.

LIGAND BINDING MODULATORY & TRANSDUCING CHANNEL
MAI DO

DO N MAIN DOMAIN

Three types  \iouse IP,R  (1,2,3) MW: 314kD
Human IP;R  (1,2,3)

Xenopus laevis IP;R (1)

C. elegans IP;R

Drosophila IP;R

Starfish IP;R

Single gene

Role of IP; receptor (type 2, 3) in
exocrine function

Deficit; Saliva secretion
Pancreatic juice

(Science 2005)
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Effect on Tear Secretion in IP;R27-1P,R3"
Mouse

*%

100 |
(11)

80 |.

60 |.

40
(16)

-

wild IP,R2-IP,R3"

20|.

Tear volume/Tissue
weight (ul/g)

Tear secretion was significantly decreased
in IP;R27-IP;R37 mice. Un-paired t-test; **p<0.0001

Electron Micrographs of Lacrimal Gland of Wild-type and
IP;R27-1P;R37 Mouse

IP,R2"-IP,R3"

L: lumen

ER: rough
endoplasmic
reticulumn

N: nucleus

Abnormal accumulation of secretory granules was
observed in acinar cells of IP3R2/-IP3R3" mouse.

(X2,000)
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Defeciency Model of Tear Secretion in IP;R27--1P,R37- Mouse

wild type IP3R27-IP,R3"

Pilocarpine Pilocarpine
Basolateral side L

Apical side Cg)g?ig

Tear Secretion

Deficiency of Tear Secretion

Signal Network of Tear Production in Lacrimal Gland

Ach, Pilcicarpine Norepirfephrine \ilP
| moachr  awadrenergicr |} | vier | |

P PKCs '
iPs ? ATP — ‘/CAMP
IP.R PKC:
8 H Protein
l kinase C
Ca?* PKA:
Ca?*'CaM Protein
dep PK . kinase A
Protein Secretion Electrolyte and
Water Secretion

Ach: acetylcholine

IP;R: Inositol1,4,5-Triphosphate Receptor VIP: vasoactive intestinal peptide
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Dry mouth, dry eye and pancreatic

juice secretion deficit;
Sjogren syndrome

1. Antibodies against IP;Rs are positive in the
sera of about 50% of the patients.

2. Immunoassay of IP;Rs can be an diagnostic
tool for Sjogren Syndrome.

(Modern Rheumatology 2007)

Loss of function of IP; receptors
In heart :

1) Abnormal cardiogenesis in
|P, receptor 1 and 2 deficient mice
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Calcineurin/NFATc signaling is
essential for Epithelial Mesenchymal Transformation

D
Atrium \\:‘;‘“ e IP3R
Ca2*
AV
Junction Calcineurin
P
Ventricle

\\)0\6\)%
£9.5-10.5 _ QB cosfacton —>

Endocardium

Abnormal cardiogenesis in IP; receptor 1 & 2 deficient mice:
abnormal development of endocardial atrium cushion and embryo die
about eleventh embryonic day.

H &E stain ' c1/ Nucleus
42 IP;R1 and IP3R2
@&l are required for the

epithelial-

. mesenchymal

ks transformation

% (EMT) in the

- developing AV
cushion.
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IP, receptors and heart function:

2) Overexpression of IP; R2 and
IP; sponge

(Nakayama et al. Circulation Res 2010)

Regulation of cell function by IP3 sponge

stimuli
—_—
‘ IP3 sponge IP3 binding
IP3 ~g===high affinity IP3 —ege===CoOre domain
‘ binding peptide of IP3 receptor

IP3 receptor

Ca2+

J

physiological function
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High-expressing IP;R2 transgenic mice display

card lac hype rtFODhV 5 Nakayama et el. Cir. Res. 2010
DTG
tTA Line49 Line3.11 _DTG (49
tTA _TG -Dox_ Dox(7-10w)
IP3R2 . — N - IP3R2 B e
170 kDa — ——

a-tubulin -‘----- O-tUDULIN - — - ————
v ] kUL
e oot ]

1min 10 sec

;

|

DTG
[ca>],400nM T

DTG

IP3R2 IP3R2+actinin IP3R2 IP3R2+actinin

Role of IP; receptor in cardiac hypertrophy

ET-1R AngliR AR

i 1P, receptor N of |

PRA

1Py
Ryanodine receptor x _
. d P / activation /phosphOIyIatlon

B L-type calcium chanriel

Caly,

"

Nuclear l ]I C_aICium
signaling
AT
iac hypertrophy
Transcriptional activation o
cardiac hypertrophy related ggne

(Nakayama et al. Cir Res 2010)

74



Loss of functional mutation of IP,
receptor type 1

IP;R1 as a causative gene for ataxia

Five-domain structure model

N-terminal ~ Ligand binding Transmembrane Gatekeeper

Internal coupling domain

coupling domain domain omain domain
1\ 26 / s | 2276\ 2500 ferd0aa
[ L} ] | 1} 1
G Ca?* sensor
méim vas3 s421 Tre sises sizss  E2100) N2ATS NRS0I ska1 g
+ i RO ®’sia  Tose Vs ® @ aas e
[CalCa
mousetpr1 [ il L0 © ]
=

sl 1t I t B t Sl mrmzmaminis] el ¢
si .
T “‘,gz a;é‘zllF's TRPC3 LH AKAPY |CARP| 1882 S A 41N

7
Homer| | 208 RACK1 G Cam
cam RBIT “Gp FKBP12 Mvith ATPG/"% e | ey Chromogranin withHI-uAuT-ummin
CaM calcingurin Sl spase-3
CaBP1 =
Na"/K™-ATPase, CIff1 1TSS fleavage Bel-Xy, B2 s
Mouse
A(1533-1538) A(1732-1839)
mIP,R1 KO mice A18/A18 mice opt mice
ataxia ataxia ataxia and convulsions
(Matsumoto et al., Nature, 1996) homozygous in-frame deletion homozygous in-frame deletion
low expression level of IP;R1 low expression level of IP;R1
(van de Leemput et al., PLos Genet., 2007) (Street et al., J. Neurosci., 1997)
Human MRI brain scan, midline sagittal view,

(Storey et al., Neurology, 2001)
SCAI15 : A(SUMF1-IP,R1), heterozygous deletion ~ SCA15: spinocerebellar ataxia type 15

(van de Leemput et al., PLos Genet., 2007) ‘pure’ cerebellar ataxia

i late-onset autosomal dominant disorder,
SCA16 = SCA1S5 : AIP;R1, heterozygous deletion slow disease progression, atrophy of cerebellar vermis,
(wakietal., J. Med. Genet., 2008) gait ataxia, limb ataxia, dysarthria, etc.
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IP; receptor 1ingranule cells is involved in neurite extension of
Purkinje neuron through BDNF
secretion,

Purkinje cells

IP3R1KO

WT

e
wn
O
@
>
Q
Q
=
c
3

Vesicles are accu’mulated.
(J.Neurosci. 2007)

Poor dendritic arborization

IP, receptor type 1 in granule cells is involved in
neurite extension of Purkinje neuron through BDNF

secretion. / AMPARs ' mGIuR5
/ / 4
Sa PLC
Purkinje cells/ go Y
% ) - -IP3R1
+ MAPK <+ 5‘1
ot il \ \ /
“\\_BDNF _
~Granule cell

(J. Neurosci. 2007)
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IP;R1 as a causative gene for ataxia

Five-domain structure model

N-terminal Ligand binding Transmembrane Gatekeeper

Internal coupling domain

coupling domain domain domain domain
1\ 28 / s | 2276\ 2500 ferd0aa
[ L} ] | 1} 1
Ca?* sensor
N2475 N2503
1oy, 1588 1TSS oi5a oy 881 1y
1428 @ 2128 2528 4

= |

SR t MZMAM 1
| “?;';'2 3 llPs Jrabcs™ | axabo|cAhe] l ] M'MZM:’;'F"MEJ M \a1n
Homer| 1= rerr PASK! CaM 7 nilea, | ATPB P N pia
Cah Gp FKBP12 Auith 1#773\1780 | #p182a21  Chromogranin , ¢ FA
) T ATPC with huntingtin
CaM calcingurin i) pase-3
CaBP1 =
Na"/K™-ATPase, CIff1 1TSS fleavage Bel-X(, Bol-2 s
Mouse r
A(1533-1538) A(1732-1839)
mIP,R1 KO mice A18/A18 mice opt mice
ataxia and convulsions ataxia ataxia and convulsions
(Matsumoto et al., Nature, 1996) homozygous in-frame deletion homozygous in-frame deletion
low expression level of IP;R1 low expression level of IP;R1

(van de Leemput et al., PLos Genet., 2007) (Street et al., J. Neurosci., 1997)

MRI brain scan, midline sagittal view,
(Storey et al., Neurology, 2001)

SCAI15 : A(SUMF1-IP,R1), heterozygous deletion ~ SCA15: spinocerebellar ataxia type 15

Human

(van de Leemput et al., PLos Genet., 2007) 'pU re' cerebellar ataxia
) i late-onset autosomal dominant disorder,
SCA16 = SCA15 : AIP,R1, heterozygous deletion slow disease progression, atrophy of cerebellar vermis,

(twaki et al., J. Med. Genet., 2008) gait ataxia, limb ataxia, dysarthria, etc.

Chaperone and IP; receptor
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GRP78 Knockdown Inhibits IP;R1-Mediated Ca?* Release.

PR Type 1-specific regulation
IPa N
c .
cmm%:n \ - Type 1-dominant cells —
1 3 10 ATP B GRP78 siRNA
Membrane ijy e —— = (uM) 2, % kk %
w8f — T T
A L LG Control ::
L3V GRP78 siANA an 1?2
L 0.8
GST + X 0.6
GST-1L3V +=<— Typel 2mi o2
GST-2L3V +~Type 2 ol o
GST-3L3V +\Type 3 1 3 10
MBP-GRP78 + + + + _ Hela ATP (uM)
g Type 2,3-dominant cells Wi
Input 01 03 1 ATP B GRP78 siRNA
- - WB: o-GST - = — M e
— Control 14
GRP78 siRNA 12
Pulldown AR 013
= 4R |_ 0‘5
e g | WB: 0-MBP 05 04
— 2 min vz
Type 1-specific binding cos7 "o es
ATP (uM)

The Loss of IP;R1 Function Enhances ER Stress-
Induced Neuronal Death

Lobule VI

IP3R1 +/-

Calbindin stain

Shr:u-r;lierr' -_ ’
.., 1P3R1 /-
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IP,R1-GRP7S interaction is inhibited in the model mice of
the Huntington disease
g Decreased interaction of IP;R1 with

o Aaa GRP78 in the HD
c§ i EE }—--——- ~~ weamsm  model mice
;ir_ ] It H
Zo @ @ e weown  (Striatum)
- Wit o BRETS I . i et e
lt"! 250 w-umn

Decreased interaction of IP;R1 with
T ]

C . D
Striatal neuroRwram

ww e
a1 e .
- ‘j\‘_ L. wet (B wmeme=  HD model mice.
- T — i | e e (cerebellum)
it e i Pl m=—  wamm
0 DHPOY
E
]\ Ny
T -
‘": Crude microsomal fraction of the
i J\ . cerebellum
"h-. .l-uln

Proposed Model for ER Stress Signaling via
IP3R1-GRP78 Interaction

Normal QC ER Stress
GRP78 GRP78 |
Interaction Interaction ¥
IP3R1 IP3R1 |
Mitochondria Ay Mitochondria Ay |
Survive Apoptosis
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Unique structure of 1P, receptor with pores on the
surface and vacancy in the luminal part demonatrated
by cryoEM 3-D structure is convenient for the scaffold
function . (J. Mol.Biol.2004)

New molecular mechanism of
neuronal degenaration

N e u ro n FUNBREEMDDFANZZA
—

Volume 68
Number 5
December 9. 2010

www.cellpress.com

~@¢ ER stress

o

ER Stress-Induced
Brain Damage I IP3 receptor

Protection of
the brain

22 Neuronal
degeneration

Alzheimer disease

Huntington diesease
. Parkinson disease )
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Protein—complex formation endows IP, receptor with its

functional diversity as Signa|ing hub

Calmodulin, GIT1, GRP78,
Binding |80KH

CaBP1

Na*/K* ATPase

TRP channel

AMPA receptor

NMDA receptor

mGIuR

IRBIT

Protein kinase A

41N

ERp44

Disease—related molecules
(Huntingtin, Presenilin,

ER lumen | Channel pore DISC1 etc.)

Ca2+
N

9]
®

Cytosol _ _C;
112]3

Many kinds of molecules bind to the hot spot around the channel
pore to control the channel gating in a cooperative manner. —
Functional diversity

Cerebellar ataxic
mutant mice

/
-abnormal behavior
-abnormal morphogenesis
-protein missing
(screening the protein s )
profile) P400missing e
Mice with no synapses .

(poor dendritic

Purkinje cell

Purkinje cell deficient
normal

(nervous, pcd) mice

staggerer
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Abnormal behaviour

P400 is missing in Purkinje cell
deficient mutant mice.

Purkinje cell
deficient mice normal

| F 3 J
5%

T P400
e R |
IP“R
P 3
| e ]
[ |

'

ﬂ Histochemistry
of P0/1P, receptor
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