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Understanding the
molecular basis of
neural development

Molecular
biology,
Biochemistry,
Biophysics,
Structure biology
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2. ZIGEIGFDFER LT DER
3. IP; receptorM ¥ R &EZ D FEMT







HDBEIEEDKSIC
LTEONSM?

HEMREOMEXE
DEIITRELHN?
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i DHROVFRS , HEFHILDLENEE DI ADEET
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(HEHRDMERES)
) —5—<YDRIZIEEE
YOAMZERELTE
TFEMI—))IC
X9 DA TERLIE
EFZERIELT. 7F
A F RO DR
&iio1= (Neuron
1995)
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fibd 0D S AL *ﬁ“"ﬁiﬂﬂﬂﬂd)u MEEDITIADEN
j(ﬂ“'BZﬁ 3 \;E/?::' normal reeler

Fx!) (Yotari) $2—x>
FYDOXDFESE i B

1) B DERFZ B 7L
2))—)> OTFRHR
3)disabled-1 (Src,
Abl and Fyn o>

(X 3% 72 Ric 7 L) lloantibod Fr—ER7 LTS~
X185 12 7 alloantibody E oo R o
(R O (B R BEHAEOER

J—5—XIRIZEE

EFEB()—-ID)IC 733 1997)

X9 SR ZE1ERLIE

IZFZRELT., 7F

A YIF IR DR O

&iio1= (Neuron
1995)




Reelin structure

. ~ EGF-like motif
signal peptide
1 ’ y 3461 aa

T—--------F

T I [ [1] [V \% vl - VIl VIII

' )':}( 7 .
CR-50 B B Reelin repeat I ~ VIII
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ZIic (Zinc finger protein
enriched In the

cerebellum)

Odd-paired (Drosophila
homologue, single gene)
regulates wingless and
engrailed
Wingless----Wnt (vertebrate)

Engrailed----En (vertebrate)




. _ _ _ Zic project -introduction
ZIC ( Zinc finger protein of the cerebellum )

(C2H2)x5

Zinc Finger Domain
Mouse J

Zicl
Zic2
Zicl EHE Zic3

Molecular layer G
Zic4
Zic5

Purkinje cell layer

Granule cell layer

Drosophila

odd-paired

(single gene)
Odd-paired modulates gene expression
of wingless and engrailed.

Gli1-3

Gli mediates hedgehog signal
as a transcriptional regulator.




Zic RIEBICHOBMOEREEAEERE

+ INRIDINY — R ICBE S Zic 1
- PRBERSABOREZHIWT S Zic 2
- ERMERET S Zic 3




HENEEDHME (R ‘2 project inoducton.

Neuroectodermal differentiation (neural induction)

neural inducer
Dorsalmesoderm NOggln

Dorsal lip

. of bl’astopor(_i C h 0 rd i n

Activation

Follistatin

neuroectoderm

neuroectoderm et
blastopore (neural plate) =

“proneural gene”
NeuroD
Neurogenin
Ash etc

Neuronal differentiation



Zic [THBENMEEDSMEZIEET S

Zicl was overexpressed in the right side
neural inducer
Noggin
Chordin

Follistatin

neuroectodermal epidermal
marker marker neuroectoderm YiTan
(dorsal view of Xenopus neurula) (neural plate) 5

“proneural gene”
NeuroD
Neurogenin
Ash etc

Neuronal differentiation




Zic RIEBICHOBMOREREEAEERE

+ INRIDING — 2 HERRICB S Zic 1
- PRMBEREBOEREZHIET S Zic 2
- ERMERET S Zic 3




Zic DEBEIZXAFEERES 13q deletion syndréme
PNAS 97 1618-1623 2000
B FREYVR

(From Brown, 1993, Courtesy of S. Brown)



Human ZIC2 is a causal gene of holoprosencephaly (& Bl X fE)

: - ZnF .

60fs 478 ins_30bp
semilobar HPE 349fs alobar HPE

alobar HPE  441fs
alobar HPE(de novo)

szt zicokdkd

Brown et al., Nat.Genet,20,180-183 (1998)

CNIYRSZE L SO
Zic2 mutant mice show a similar phenotype
to holoprosencephaly.

Nagai et al., PNAS, 97, 1618 (2000)



Zic RIEBICHOBMOEREEAEERE

+ INRIDINY — R ICBE S Zic 1
- PRBERSABOREZHIWT S Zic 2
- ERMERET S Zic 3




Zic A[XEADREICEHS
(Kitaguchi et al. Development 127 4787-4795 2000)

Zic3 MEE: Situsinversus PGz
Situs ambiguus RigA5E i
X-linked situs abnormality results from mutations in
Zic 3 (Nature Genetics 17, 305-308 1997)

EZFIELEDORHS L.
CDIZEARICTHASNTLV:

AR SCE R
ZHEBSETOEEEET,




13q deletion syndrdme

- .
| 8 -
7
¢ 4 N A

Zicl: MO/ B — TR o 'ﬁ
Zic3: Mg D AR H iz _. O 7/
(Development 2000) e

<

Zic2:
2) 3L {R2ERE= (Cell 2003)

b)#}AXSE (PNAS 2000)
c)éﬁﬁﬂiziﬁédtlﬂ BEXJE)(PM\
Y

\

Zic (Zinc finger protein enriched in the cerebellum)
INNEERIHARBICE TR A /N VELTRRELTHMALT:

=

) ¢

ZIC2/ 9T IR< IR




1. iRl Re OD A2 & R TE MM DERTZ Rk
2. ZIGEIGFDFEREZ DN
3. IP; receptorM ¥ R &Z D FEHT
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in staggerer mutant mouse




P400 & IP; Receptori&E—45F
(Nature 342 32-38 1989, EMBO J. 61-67 1990)

soluble membrane
fraction fraction
. i r— = g e - g
immunostaining of S 2 32 ¢ 5
P400/IP3 receptor HEREEE
P o 2 2 © S .“:’
[}
— = — < Ips
" receptor
- S=====
== ====ZZ2
== ——
- e 2
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RRARY/8\—EC

|
LI h—IL) SR 2 Y IEE
A/ b—IL=) B (IP,) OTFVIING) 00—
b me |
IP, LETA— = JRTA4>FF—+C (PKC)
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[]
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IP; RECEPTOR DR LEHFTDHH

P400 (1P3 receptor): EEFEMGGERIL - EERBEELTHER
EHF5E5 1977

SaAVR) T U DOBBRIMNSD P, [2&RDHILT ) LIRH
=)y 1983
GP-A: S FTREGCLDMERINDE r1)— 1984
PCPP-260 : #Eit2> /808 H1)—2H—K1986

P400 [ IP, ReceptorTHHEFFHK R
cDNA cloningL T

£ RRE (1989(Nature)) LT, AL
L= Fx )L

THHZEEEEA(1991(J. Biol. Chem.)90
(Neuron)) .










P400&1P3 receptor 85U DITHIZE o= 1R

1) YFTRARIE (BHREREEFFRL)RIRADT LT 2RSS
S5—-I9 R, staggerer mouse) THIL LI LR /IAINENENBREE
FOMEEISEHE ST (Crepel et al. J. Physiol1984)

— ———P400&AIILY I LEDBEZREREL=,

INKIZZ WA INDBELTEBAILO D LESAV INIEN SRS
SNTUWV =, LWL ENGDIREIFIKBETIES FTHOI-—— N TIE
HEZD
2) IP3M AR AV Dv—ELTHILY D LERBTAIEATHESN
f=(R—1)w,151983),

IP3fE&EMEIF/NMNATFEE LY, PA00E/DMKIZZLY,

LIEDEHRMNSPA00LIPI LETA—EDBEZRE
EELT=,

P400 LIPSFER AV /N B EDBEBZRZERARNL-H. X
NDEEEZH{ToT= (1983—1989)4FHH,




FEx2

P400 &IP3 $E &R /NI BE LD R — D £ L FRIFERH
DEEME/7O0—FILIRADOERICEIILE. (BIELLEERNNEER
fF=-hot-1=8 . 2FEMNTTE/HVO0— FILAREBAZEIZE#HBLT)

(—BDNEIINVEES ILHOSEYH LS F(ZHRELTL:
— — —EMEAFEDHLLY)
ZoTCHRRLIPA0 FIYDVRIZHRELT, TILX 2 MlARIETD
A Mhomogenate Z+H5H VT, DT RXA—blotting THAAD A1) —
U E2EENMNITES OREZETIT oz (RAZ /SO,
2)TPA00IFFENEHTHRAELI--OIP3FEE I HE ALY
ZD1=8. IP3 receptoré DEEDEEDFHAMYLL,

3)FCTIPHEES AV /NNVEERELT, The
PA00ED EI— M ZFAZE LTINS EITLT =,
(FAVI—T-SR))LLF=IP3ZRALTIPI #E&5% 15
EIZLTEUNBEDORFEIZT1FEEDBLT)




4) B FEELEIE T, IPEEEEEPA00E/VO—FILIRIA
X/ ILf=

5) iR fg L EYIEXP400/YA—F LR ERIG LT
6)P400E/7O0—F JLiniRIZkY . IP3 f5&8ELLIELT=,

LI EDFERKIYPA0=IPIEGE I /N E LEERmLT-,

— A FEFTFLTEDH TV =TAa oI
1)E/0—FILiAZERNT
PA00E KD cDNAYA—=24 (YFH R
T2HFEBORED) IZAHI (LEED &L
FIEERIZKYIP3 receptor&iZIZ#IBALT=)
2)E/98—FILfAD R )—=
T EHIERIC LT’T’ZSU EZfHET S

AKELE-, — **’EBEE?‘% eI R
L7=

Ll




FER1. TILX U ZHBARIETHORD/NNEO U FEBLNTIPIEDES
AT (%2 EMBO J.1990 [2HRK),
IP3LFER LGN EEH R L= (BTE) (1983—1989),
— — DR KYIPHEEH N\ B EPA0LE DR ELEFE(S,

B A Rl Z /N Y] B TOIP3
BEELOTA—ISTFTS

44— >
(FILFoZHMREEIZ T FILh
HBND, )

TILEL TR B
BT RN MR
FTCl&. IPEED
I IEABNTELY,
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IPBR FAMILY

IP3R1: mouse and rat (Sl+/Sii+), 2749 a.a.; human (SI-/Sil-) 2695 a.a.

LIGAND BINDING MODULATORY & TRANSDUCING CHANNEL

DOMAIN DOMAIN DOMAIN
N-glycosylation

N

Si s sl Ca>* binding

(ABC)

DDEVDR

IP3R2: rat and human, 2701 a.a.

blndlng

|P3R3 rat, 2670 a.a.; human 2671 a.a.

—IIII =

Cca?* binding

Mouse IP3R  (1,2,3)  MW: 314kD
Three types  Human IP3R  (1,2,3)
Xenopus laevis IP3R (1)

C. elegans IP3R
Single gene  Drosophila IP3R
Starfish IP3R



HISTORY OF IP; RECEPTOR

P400 (1P; R) : developmentally regulated glyco-phospho-protein
Mikoshiba et al. 1976

IP, releases Calcium from non-mitochondrial store
Streb, Irvine, Berridge, Schulz 1983

GP-A : synaptic junctional glycoprotein

Kelly et al. 1984
PCPP-260 : phospho-protein
Greengard et al. 1986

P400 = IP, Receptor cDNA cloning,
Calcium channel

Mikoshiba Lab. 1989



HHRA NS D Ca?iE E L Ca?* BTl
5HCaZ it
s DCa R E

10°3M Ca2+

E M DIP,IZ &

NP,LtET2—m F+

FILDBENERBAT MR (D Ca2 R

Pt [HERIRNAIL S D L
FFREDERLT
BAT&Ho7=]

ER:/M\ja{x

MRS Caz B E XM+ & REICMMBE CTh 5 23

. HRENIZEEDO L FSD 1 DI0TMTH B, Caztids
< DAEBVERAZB| X T DT, RN DDCazk
ANZLTHEEEZIND EEZDLILTUWEZN, Fura-
2EDOCa i RENERINADZ EITL Y., MpEso
Caz Z R\ T b M % 0 % 5 & MaNIZCa?t
BYREEN D = L ¥ LT,




Receptor PLC g Ll PLC v Receptor
IPs Ca2+

\ o 4—"‘—'——_— L ;
IP3 receptor | ‘  P 2 't

[present concept | = jj)bt/rbi\ﬂ?ﬁ@[i/]\ﬂﬂ1$fﬁé:t
stimuli stimuli #EFAA(1991) (Za04K%IZ
v ' K5 EEBIREB)
AIEE_EEDER
(J.Biol.Chem. 1991)
B R FIREER
IP.LET4—([LCa2* Ca?*iiH - IP,#EEEME LA
9:?;(, PLTHD (Neuron 1990)(Nature 1989)

REZIPLETI—(EIPEE L RIBETHY. CaFraLiL
AMDDFFTHAEEZ LGN TN

IPAEE RV INIBEEANTIEE —EEAMEARLAFTELHEIPIIKY
BA< Ca* Fr R ILTH B EEBAS M IZLT= (J.Biol.Chem. 1991),
Nature 1989 THHA—=2% LTzIP,L 2T 2—DcDNAZHIRRIZSE
S HEIPFEEREECaZ Fr R ILE MM E ML 1= (Neuron
1990),

UEDFERIZEY., IP,LET2—ILIP$EE R N B LCa> Fv
FILOBEADHEZEHLE THOIEFHAL,
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HRRARAAILS D LERE

10°3M Caz2*

1) Calcium Influx ¢zA)
(through the
plasma membrane)

: 2) Calcium Release ¢#4)
/MK (from the
ER: Endoplasmic Reticulum .

Intracellular stores)
(Ca?* wave and
oscillation)

(ALY DL AL ) LiRE)




%*ﬁ(:ﬁf:)Ca”?E@J( Iy Lb—i3y) |P3 btj’g_?bi‘caﬁ;]t}ﬁéﬂ (Caz+ Ay

cceseccccee SL—ay) REEETHEZED
0os000 cese | % B . (Science 1992)

Control

— ]

i
O __F340/380 12

- 1[81/2-353 Drp <Y
5- ELT=#RE) Fura-2

QuikTiney G2 EAEE AA[EVEAEISLifEv EEO EEA C™Ct GAES ENE EECY: 8 CECK ¥C...C OiKa/ G-CIAB

Relative Fluorescence Intensity

. , .
10 20 30

Time(min)



Amplitude and frequency of Ca 2* oscillation determine
the targets inside the cell.

Ca2+ oscillations
A

Oscillatory ,l, Enzymatic
secretion Regulation activity

concentration

Caz2+

» Tse A & Hille B Taltll - Koninck PD &
Science 255, Of transcnptlon Schulman H,
462-464,1982 - Dolmetsch RE et al., Science 279,

Nature 392, 933-936, 227-230, 1998
1998

 Tomida T et al..
EMBO 22, 3825-3832,

2003




Dorsal (back)

IR B S RE BT AR

FEARPATEIEAE MR EEIIRZEEELT

N TLBELSHEHORRITHEROLM (kg o

BICEETHS,
COEBEHOERKIEIZRE. 4ZEROFITRET S,

1JF 9 Ls (lithium) D h R
DUFILEF BERDBEE
2 ) inositol polyphosphate 1-phosphatase,
inositol monophosphate phosphatase®
A=
) KAEEE (T REMFZRL)
RE1R (4R ER) > E AL

HEEAZ K IZIP,L T 2—HBE & (science 278, 1940-

1943, 1997) (Nature 417 295-299 2002)

DFOLIELREDIERNH LI ENMOEN TN =N, 1/ =L VEER
DEREHAETHIENS IPLETI—DHEEICEETEZ 52550 LHEHF
EBIRITHERL =, T TH2EEMNFTTT IUAYAATILDIP,LET
S—DREEREFTNEZERL, EREORTE T 24D IED1F KR
BIZEBDEALITEALIZES A, BERINEAIICERL T, ZRED R
Ronfz, CORERIZKY., IP,LETF4—h5DCar it AV E BREhfZ A (<
BB EMEEBAS 1= (Science 278, 1940-1943, 1997) ZD FiREAFEL
TNF-ATHEE L1= (Nature 417 295-299 2002)




IP,LE 72— DB EFRE~T R [TANPALE/IRERHE 2827,

(Nature 379,168-171,1996)

Wild Type Mouse

IP3 Receptor Type I Knock Out Mouse (homo)

P, 7% — D B~ DR E| 2R R
NI R REIME (LTD) AiH K (J.Neurosci. 18, 5366-
5373,1998)
B (CAL) 81k : BE#i#sR (LTP) 238858, LTP suppression23iH4k,
De-potentiationjl%s, LTDARZ
(Learning & Memory 7, 312-320,2000)

ST ADOHEMIZEAE T %, (Nature 408,584-588,2000)



HRRRAAILS D LEEE

10°3M Ca?t

1) Calcium Influx ¢;zA)
(through the
plasma membrane)

10"7M Ca2t

1P, g -
' 2) Calcium Release ¢#4)

¥
N (from the
ER: Endoplasmic Reticulum Intracellular stores)
(Ca?* wave and
oscillation)

(ALY DL AL ) LiRE)




Unique biochemical properties of 1P;R

1) high affinity IP, binding (1P, sponge) (IP,R7R>)
2) molecular assembly of fragmented
functional units of IP; R (2 F&E &)
3) quantal Ca release (EFHIMH)
4) translocation of IP;R to the PM
(fpRE~DRS RO —23Y)
5) a) reticular ER movement, b) vesicular ER movement,

c) MRNA transportation, d) IP;3R clustering

vesicular ER  movement (#34K + I F#k +

IP,RIOMRNAEE + IP.,RDY TR A—REEK)

6) porous structure with cavities (1 ZE{Ei&)

7) allosteric structural change (XE—MUAH)

8) IRBIT is released from IP3R(IRBIT /& H 9

%)

9) Redox regulation is linked to Ca?* signaling
(LEYORERILD D L)



Molecular Assembly of Functional Domains of IP3R

IP3 binding region Ca2+

CaMKIl

PKA, PKG,

PTK, PKC

CaM = Caz'i'
Ca2+

FKBP12
Channe region

/ N Il '
_ \ \ 18A10mAb
sugar +

31—

IP3 receptorl&k )T T

SEIINTH
BEALTIPIHERIEMRE

Ca2+mitHiiEEIXarbOo—
JLERIC  (J. Biol Chem. 274

316-327 1999)
Functional Domains of IP3R

—

Amino acid number

1100

2100

2749
I |

IP3 Binding Core
|

— -

PKA PKA/PKG

1
Sl

T Vi
rker12 CaM Sl ATP(2x) \Ca2+

LT

TBATO
-

iTP MSD

|
Caz2+
¥

Si
346 923 582 1932
la/b [ ] I IVa \"
i 40/37k 64k 76k 40k 91k
CBB
. i 1582
200—" IVb
116 3ok
97.4— 5«-91kv
| — <76k /|
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45—
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A 3D-Structure of IP3R1 in the Ca?*-unbound State




A 3D-Structure of IP3R1 in the Ca?*-bound State




Gating mechanism of IP,

receptor
FYRILDYT —T 427 8




IP,L 7 42—/Ca?*3

IPIR1
IFPIR2
IF3IFR3
RyR1
RyRZ2
RyR3
Hosh

BREFrRILOEILLE

IP.LET2—DRTHEE&

Cytosol

FrRILDRTIEE

e

HTCETLLMCIVTVLSHGLRSGS RHE 2554

RTCDTLLMCIVITVLMNOCILRNG RER
FRACDTLLMC IVITVMMNHGCLENG ILEK
MECDDMMTCY LEHMYWVGEVRAG IED
MECDDMLTCYMEFHMY WVCWVERAG IED
MECDDMMTCY LEHMYWVGCUVRAG IED

PCAQLY PRALWWSVET - - ATTEEEED LY BV

COOH COOH

KCSAF ¥ IL D&

2506
2482
4203
4834
4738
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IP3LET3—DFMEAND 4D DX %

1) mRNA (IP3R) 1P,R mRNA

~0.05 um/s

(J. Biol.
Chem. 2004a)
Microtubule *
2) BRR /MK IP,R 0.2~0.3 um/s
(J. Cell Sci.
2004)
Microtubule 1
3) MK /MK 0.26 pm?/s
IP.R )
(J. Biol.
4) DS RZ—R B

PR (3. Biol.
Chem., 2005)




ER in Neuron Is a Meshwork, Mainly

0' 0"000

ER meshwork is rather static




/N~ — A — (RFP-  ER JBRLIZBRIRZEE T & d 5 mEz

KDEL) i3 IP;R1, WV gah4-7 (3. Cell Sci. 2004)
TULRT L BET

RFP-KDEL : A marker for ER



Local Protein Synthesis in the Neuronal Dendrite

=

0 synthesis in the dends

1. Transport of mMRNA Dendrite
(MRNA granules)

Synaptic plasticity |

Various kinds of mMRNAs are targeted to the dendrite

Cytoskeletal proteins (MAP2, B-actin, Arc, neurofilament
protein)

Kinase (CaMKlla)

Receptors and Channels (Glycine receptor, Glutamate receptor,
IP;R1)



IP3LET3—DFMEAND 4D DX %

1) mRNA (IP3R) 1P,R mRNA

~0.05 um/s

(J. Biol.
Chem. 2004a)
Microtubule t
2) BRR /MK IP,R 0.2~0.3 um/s
(J. Cell Sci.
2004)
Microtubule 1
3) MK /MK 0.26 pm?/s
IP:R i
(J. Biol.
4) DS RZ—R B

PR (3. Biol.
Chem., 2005)




RIA Stimuli IP,ORD Ayt Sr—(2HHH 2
1 (J. Biol. Chem. 2003)(Molecular Cell 2006)

‘ Receptor‘ /PIP2
G | PLC

¥
IP; 2RAVE D —

v

‘ IP,; Receptor ‘\
Ca?t

IRBIT | 3k AV Dv—

(IP;R binding protein released with inositol 1,4,5-
trisphosphate)
(7—Ewk) IP HERE7Y

\

target molecules (3R{RHISTF)




Structure of IRBIT

1 104 530

IRBIT CTR

t
51% identity

hydrolase




Molecular mimicry -




Two functions of IRBIT

IRBIT FUNCTION

[IP3] row




IRBITOFERNF:
Na*, Bicarbonate- cotransporter (NBC1)

10EIHHRRIRE AR 4V /NVE (CO,+H,0 H* + HCO;)

HARRADpHDIRET ~—

Na¥# ~——————
HCO,

IRBIT [ENBC1Z &4 1E9 5 (Proc. Natl. Acad.
Sci. 2006)
EHEEICIRBITO) VERIE DL E
I RMAERT7URF— AN RREEFIE
NBC1

(FNE. BRE., EF K. FAEEFZED)
PNBCLIZBEfBZIRHEL THERIZS LY







RIA Stimuli IP,ORD Ayt Sr—(2HHH 2
1 (J. Biol. Chem. 2003)(Molecular Cell 2006)

‘ Receptor‘ /PIP2
G | PLC

¥
IP; 2RAVE D —

v

‘ IP,; Receptor ‘\
Ca?t

IRBIT | 3k AV Dv—

(IP;R binding protein released with inositol 1,4,5-
trisphosphate)
(7—Ewk) IP HERE7Y

\

target molecules (3R{RHISTF)




IP3R-based IP; sensor (IRIS) 3%
DEM, ELEHR

FLWP, AT 47—

(J. Cell Biology 2006)

(1Pa)

420n&

Fluorescence
Resonance Energy
ransfer (FRET)

WL HIBZRIL

F—%E

IP,
(Nature 20002)

binding core
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INEERODERP,, (Thioredoxin family) I&E{LETikEE
VALTHIVO DL T YT %5RET S (Cell 2005)

Available Inactivated
Reduction
( ' i ) Low Ca2*
@ "D >
<
Oxidation

High Ca2*
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Cellular Mechanisms of Fluid Secretion and Exocytosis in Salivary Glands

N-.'rr-upi<
Agonists ~t
Pilocarpine _‘ g\mylase
Si~c+ Secretion
Carbachol ﬂp N, Fluid (Water)
(CCh) Secretion



Type 2 and type 3 IP; receptors play key roles
in Ca2* signaling and secretory function of
exocrine glands.

IP3R2 & IP3R3

Intercalated duct =4,
]

Ductule “~..
cells
Intercalated

’ “Mitochondria

A Golgi apparatus

t

Salivary gland

Pancreas




resting 30uM CCh

CCh
0.3uM 3uM 30uM

.00 10.00 15.00 2000 Time[Min]




O/O

resting 30uM CCh

CCh
0.3uM 3uM 30uM

2.l

2.00
[Sy RSN

1.00

0.50
(.00 5.00 10.00 15.00 20.00 Time[Min]




Defective Saliva Secretion in I1P3R2/1P3R3 Double Knockout Mice

Double Wild
KO Type

Water Channel is
Expressed Normally
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P21 mice gave similar results.
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Electron Micrographs of Lacrimal Gland of Wild-type and
IP,R2/"--1P,R3""- Mouse
wild *

L: lumen

ER: rough
endoplasmic
reticulumn

N: nucleus

(X2,000) Abnormal accumulation of secretory
granules was observed in acinar cells

of IP3R2"-IP3R3"" mouse.
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