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AA
BEL
BHA
BSA
CaMK I
CERK
CHO
COX
cPLAza
C1P
D-erythro-MAPP
DME
DTT
EC
ERK
FBS
GFP
HBSS
HEK
HEPES
iPLA,
LT
5-LOX
MAPK
NBD
PAF
PAPC
PBS
PG
PIP,
PKC

: arachidonic acid

: bromoenol lactone

. butylated hydroxyanisole

: bovine serum albumin

: calcium/calmodulin-dependent protein kinase Il
: ceramide kinase

: Chinese hamster ovary

: cyclooxygenase

: cytosolic phospholipase Asa

. ceramide-1-phosphate

. (1S, 2R)-D-erythro-2-(N-myristoylamino)-1-phenyl-1-propanol
: Dullbecco’s modified Eagle’s

- dithiothreitol

. electrostatic complementary

. extracellular signal-regulated kinase

: fetal bovine serum

- green fluorescent protein

: Hank’s balanced salt solution

: human embryonic kidney

: 4-(2-hydroxyethyl)-1-piperazineethanesulfolic acid
: Ca?*-independent phospholipase A,

: leukotriene

. 5-lipoxygenase

: mitogen-activated protein kinase

. 7-nitrobenz-2-oxa-1, 3-diazol-4-yl)amino

. platelet-activating factor

: 1-palmitoyl-2-arachidonyl-phosphatidylcholine
: phosphate buffered saline

. prostaglandin

: phosphatidylinositol 4,5-bisphosphate

. protein kinase C



PTX

SDS

SM

SPLA;

S1P

TBS

Triton X-100

: pertussis tixin

: sodium dodecyl sulfate

: sphingomyelin

: secretory phospholipase A,

: sphingosine-1-phosphate

: Tris-buffered saline

: polyoxyethlene (10) octylphenyl ether



{EREE

A23187

Anti-p-tubulin antibody (T4026)
Anti-cPLA; antibody (4-4B-3C)
Anti-ERK-1 antibody (C-16)
Anti-ERK-2 antibody (C-14)
Anti-mouse IgG antibody
Anti-myc antibody
Anti-phospho-cPLA; (Ser505) antibody
Anti-phospho-ERK1/2 (Thr202/Tyr204) antibody
Anti-rabbit IgG antibody

[®H] arachidonic acid

BEL

BSA

C1P

C2 ceramide

C6 ceramide

C8 ceramide

C8-C1P

C16 ceramide

CHAPS

D-erythro-MAPP

DME

G418 (geneticin)

GF109203x

G06976

H20,

Ham’s F12

Hygromycin B

KN-62

KN-93

LipofectAMINE

: Calbiochem
. Sigma

: Santa Cruz
: Santa Cruz
: Santa Cruz
: Amersham
- Invitrogen

: Cell signaling
: Cell signaling
: Amersham
: Amersham
: Cayman

: Sigma

: Sigma

. Sigma

: Calbiochem
: Calbiochem
: Biomol

: Biomol

: Sigma

: Calbiochem
: Sigma

: Sigma

: Sigma

: Calbiochem
;AR

: Sigma

: FSEHEEE

. Sigma

: Calbiochem
. Invitrogen



Myriocin

NBD-C6 ceramide

PAF

[*C] PAPC
PLUS reagent
PMA

PTX
Pyrrophenone
SB202190
SM
Sphingosine
Triton X-100
U0126

W-7

JAysI—2R

: Sigma

: Molecular Probes
: Cayman

: Perkin Elmer

. Invitrogen

: Calbiochem

. List Biological Laboratories
EHERE

: Sigma

: Sigma

: Sigma

. M

: Promega
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RRARUNR—EREGREOETEEBRK I THS7 VO VEEEEMKSE
TEHEBRETHD. MKGBRTHMBEICEKY. sn-l fizMk7ET S
phospholipase Ai(PLA:). sn-2 iiZMKD#EST S PLA,, UVEESIRATILDS
DE0O—I)LAZt#3 % PLC., €DRMAZIE TS PLD [CHEEEN S, sn-2
fIICFZ<DIFE. 75F FUBRICRRESNSAEBMBEHESES L TWSZ
EMD, PLA; (34 RAEEEREZREBET ST SF FVBREVUBTERELT
BELREEFED, PLA,DEMREE. 75+ ROEBRBRHDI NIV VY V5

HRROEETHEEEERODVREBRBIETH S LERIC, £EEDY FE
BBEBECHEDHTEETHS., PLA . A AL RKRIVEY. BRE
EYME. k. IORM RO URE BRABRIRICEK > TEMIET S (Linetal,
1992; Clark et al., 1995), PLA; 4. #BiEE L UVZ0ME (BEM. Ca™ Bk,

BIRM) OHEUUMD S DME PLA; (SPLA,). HIFAEER PLA, (CPLA,), Ca*
;‘HZW‘ % PLA; (iPLA)). PAF 7 EFIVEROS—ED 4 DDI I —TFICHEES
N T3 (Dennis, 1997; Tischfield, 1997; Balsinde and Denns, 1997;
Hirabayashi et al., 2004; Murakami, 2004, Table 1), SPLA; [ LEEBESFED
BRET. BROXEMMIRICHEFRPICEEL TS, FERITITVERIAICET
BN, FIBICK > THRMICHBESNBREEZRIET S, RE 10FEEDOS
FEPRAEINTEY., WTFhbHHBEADBDZHD L I FIVETIZHFE, &
HAEICIE MM F—4'—D) Ca”BEE#WELT S, iPLAIIERDRTSA> Y
ONVT 2 MDTEET 5 63 - 89 kDa DEEER T, EMLICHIFEA Ca™ BED L
HEVLELLAL, cPLAIE, BREXETIC o, B v 8 & TD 6 DOHFEN
REINTIVS, cPLAIZHIRRERTEMD PLA B T. v 2B < 5 DDA FIEIL.
EMAEICHREAN Ca BB LR ELELT S,

ZRIEDTFEDPFET S PLADO L, KA THRE L TIVS cPLA [,
7oF P UBEHABICROERICEEL/ 85 kDa D PLA, N FETHY., TFX
FARFIBICRERS U2 RS E (S > TEMHEL, £BIRY VEEENST7 S+ R
VEEEBEIRMICERET 5, cPLAa ICK UBEDE TRt S N7 S+ B VBRI,
SORFFTF—E (COX). URFITF—E G-LOX)EEDT S+ KRB
RBBEBZRICL>TTORY ISP U(PG)., AAMAMNYI U (LT)EED
BADEEEAT A I— 49— ICHELIKEBREINDEZEZE5NTS(Fig. 1),
CPLAo DRIER D RATIE. PG, LT, PAFREDIA Y/ A4 ROEENEL



<EADU, ZUVILF—MKUEABEE. U DU TTERER., MIRHEEREDRETE
TIWICEWTRINGRENRONS—FA. HHREFH5IEE T (Uozumietal,
1997; Bonventre et al., 1997; Nagase et al., 2000; Hegen et al., 2003), & 5 (2,
TIVINAR—F/RN—F 2V VRIE EDMRE MR ECHAITEICS cPLA
EEPEBEL TS ZEPMSN TS (Stephenson et al., 1996; Klivenyi et al.,
1998; Kalyvas and David., 2004), & > T cPLAo D;EMLEEEDRRR, F/=i&
HHEMEZBODICTEILFIERBICEETHSHEEZAONS,

cPLAo DEMALICIZMAERN Ca?BED L F (Qiu et al., 1998; Hirabayashi et

, 1999) & cPLAa DY E&{E(Lin et al., 1993; Leslie, 1997; Hefner et al.,

2000; Muthalif et al., 2001; Xu et al., 2002), & VREE IC & 5l (Das and Cho,
2002; Six and Dennis, 2003)BEETH B ELEZA LN TIVS, cPLAa [E, pM 2
EOHAA Ca”BELRICKU T, MG, SKER/NRE, J)LIEKICBE
L. BEEMHEHIET S (Hirabayashi and Shimizu, 2000; Evans et al., 2001),
ZD Ca”IC kB HIEEEIE. N RIFICTHEET S C2 KA VICIKEL, BHET
HB)EENDESHMNEDIBKR., H5WIREENSOEEOIHICKLS
EEZHNTIVS, Ko, cPLAa ITIF Y VBB K > THREHEICEEDL S &
DHREENTNWSE 3 DORYUVEEDSHFEREL. Ser505 (I extracellular
signal-regulated kinase (ERK)* p38 mitogen-activated protein kinase (p38
MAPK), Ser515 [& calcium/calmodulin-dependent protein kinase Il (CaMK 1),
Ser727 [ MAPK interacting kinase T# % MNK1 [CL>TZENZENY VEE LS
Nd, UVEBLEINBE I L THEEE(LZFIESEI L, EIEE & DFRFRREZTE
RT3 ETRBETENBEICER TS EESNTIVS(Lin et al., 1993; Leslie,
1997; Hefner et al., 2000; Muthalif et al., 2001, Fig. 2), & 5IZ, cPLAa [ZBEE
CEX>THERFENITONDENMSNTIVS, phosphatidylinositol
4.,5-bisphosphate (PIP2)%S Lys488, Lys541, Lys543, Lys544 [C#E&T B &
kY, BREECEETHS U VEEELORMEEERIESRLEEZONT
(V5 (Nalefski et al., 1994; Balsinde et al., 2000; Das and Cho, 2002; Six and
Dennis, 2003),

A7 4 dRBERFRT 4> d4 FE (REER) Z2EFRERELTHDOES
FEEDWRHTH S, ENIV AL REELE RT7 4 OMEEEEY VEELD
BEPREELERT7 4 JY VEEBEICHEEIND, CNHRT7 4 dRE(L.
HREBRE S DO—#THY ., ALRTO—IIERELHICHRELETYA 20
RAALERRL., DT FIEERBDISELTELS, A7« JBED—1E



THH IR, 5 R-1-UVEE (CIP), R74 >3, RT74 3

1-VU VB (S1P) R EITEBREMEELL TEFEEINTEY, 7HREF—2 R,
A BMVRIGE. #Hifanb, Z2UUEERLABERRRICERGREREERALT L
BE 5N TS (Hannun, 1996; Pyne and Pyne, 2000; Gomez, 2004),

A7 4 IBEDEERIE. FT/IMRETO L-£U > E/VE RAJL CoA D
50 de novo ERRERICL > TESI RPBERT D EANSIKRED., Nak

THEERSNEES I RIE, JILCEICERS N, JILETHIBRERRKRS
EIRBDRT 4TI (SMPRT ¢ OEREEICKBEENS, B3I RiZ
F/-. SMPHRT 4TIV F—+H(SMase)[CLKBIMKPEICL > THEE
N3, 5 RIEFEHIC 529 —FILKo>TRTZ4 P VIC. RT 4
YAV UVIEIRT 4T FF—E(SPHK)CK DT SIP [CRABEND, /.
S REESI RFF—E(CERK)ICE>TU VEEEE CLP ICHHRBISH
B(Fig.3)e CNHEFIRPRT 42T .CIP EWDERT 4  IRRED.
7 oF RUBRABPC PLAEREZHIHTSE NS S EBHEESN TS (Pfau et
al., 1998; Sato et al., 1999; Kitatani et al., 2000; Huwiler et al., 2001; Nakamura
et al., 2004, 2006; Pettus et al., 2004), LM LAENS. X7 4 IREICELS
CPLA o EMDFAICE L TIIM—MAERBOABEONTES T, FEANZXA
HEALMER D> TR,

CDEDIT, cPLA. FREDFRIBICLDEHOFNEEZITTI\S, cPLA
D;ESFIEEIBOBITHSFENIICHESD SR, Ca* (& B cPLA DiEEH
HEBE DR VBBASNTETNSD, U BECREEICKSEMRAESCEL
TIMKATRRALZEBRDZ N, EZCTEHARARTIE, U VEELEREEICKS cPLA

DEEHEICEB L. SlEEB0RBEEHAAZ, £ 1 ETHE., HIIRNDORT 4
Y OABBEDORBI/NS AN cPLA o DFEEFIEICEDK D ICEAET S &iRE
U7, 2 ETIE cPLAa DU EELERGLI 3 AR DL VEED DS B, 515 FH
DY VEREDFEEADEEL, CaMK Il D cPLAo SEHALICH T B 1% 8| £ &5
L7



wb B 7847 kDa kil BYRE
Secretory PLA; IB, Il A, C, 13-19
(sPLA:) IID,E,F RfEMWE 2 "Yho) CEROHEE
Vv, X, Xl BEEaL 7>+ F BN
I 56
Cytosolic PLA, VA (o) 85 HE TS+ E BN
(cPLA,) VB (p) 110 B, Hﬂﬁ Frig ?
i
IV Ciy) 60 RS, O BMILAFLABE?
IV D (3) 90 B, RaRR B2 2% 7
IVE (e) DN, . PR
IVF (T) BikER. W
Ca2- VIA 85, 88 R U sEBERUETFUY
independent VIB 63, 77, &R YU =ATDOY AIERHEIE
PLA, (IPLA,) 88.5 Z7o¥ EBAs
PAF VIl A, B, 45 40 [Mm¥F., FR PAFD4R
acetylhydrolase VIl A, B 30, 29 I B{L Y ISR OMAkT N

Table. 1 Classification of mammalian phospholipase A,.

Stimuli Arachidonic acid
Ca2+ ‘ Prosta glandins
™\ /| Receptors Leukotrienes
Ca?* channel {3_ N
—-—-u-.._____‘-‘. -: .
e = ~
_[Caxy e S

MAPK, CaMK I, MNK 1

cF A"/I;hosgharglatmn
Translocatlon "P'-Aﬂ':‘ S
=t | Arachidonic acic | ——
Nucleus

Lipids

(Phosphatidylinositol 4,5-bisphosphate (PIP,),
Ceramide-1-phosphate (C1P), Ceramide, stc)

l

l Leukotrienes ‘

5-LOX

COX

J

l Prostaglandins ‘

Fig. 1 Activation mechanism of cPLAa.
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Fig.2 Primary structure of cPLAa.
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Fig.3 Metabolic pathway of sphingolipids.



RERAE

1. HpREE

L9290 #lifa. Cl2fHfa (%D RERMIFMAR) (X, BERZOERELH SHEIH
5L TEW-. m#aE. 5 % FBS (fetal bovine serum)% & ¢; DME Zi#hZ& (),
95 % air-5 % CO,. 37°COFM T TiEE L /=, HEK293T #lif2 (human embryonic
kidney) (. 10 % FBS #4&¢; DME 1Z#h% FAO\EHEICEE L/, CHO-W11A
#ARa (Chinese hamster ovary) [&. 10 % FBS #&¢; Ham’s F12 1%ith % F | \[F
BRICIEEL,

2. RI|MRHL I —DIEE

CPLA 0D ZERIK(IEFRI TS5 R I K& LT pcDNA3.1-cPLA o & {# L. Quick
Change™ (Invitrogen)Z B W THER L=, 75 XX K DNA O#ElZE. Plasmid
Midi Kit (QIAGEN)ZFWTHER L7z, & cPLA o DEREIE. LTDTS54~
—ZRAWTHERIL/A, S228A5-CGTTGC TGG TCT TGC GGG CTC CAC CTG
G-3 &L ZFM+1A##HEH ; S505A 5-CAT CTT ATC CAC TGG CTC CTT TGA GTG
ACT TTG CC-3' £ Z#(D#a##H$H ; S515A5-CTT TGC CAC ACA GGA CGC CTT
TGATGATGATG-3' & EM1H#H ; S727A5-CCATCT CGT TGC GCT GTT
TCC CTT AGT AAT G-3' & ED4H#SH ; cPLAa-C2 domain-forward (5-GGA
AGATCT ATG TCATTT ATA GAT CCT T-3"), reverse (5-GGT CTG CAG TCA
GTC TGG GCA TGA GCA AAC-3) ; GFP-cPLAza-A397-749-forward (5'-GGA
AGA TCT ATG TCA TTT ATA GAT CCT T-3') reverse (5-CAA CTG CAG GGC
ACT GCC CCA GAC ACC-3"), pEB6 CAG R ¥ —I%. FERKFDO=WERL
&LV, CERKEEREFIF. F—=HHEAStDOEEZFETLVIENE,

< U R cPLAa @ siRNA [, TaKaRa @D Web B — E X (siRNA Design Support
System) &. BLAST 4 —3F (NCBI web-site) R\ TEIER % RE L 7= (No.
1, GCG AAC GAG ACA CTT CAA T, No. 2, GCA CAT CGT GAG TAATGAC,
No. 3, GGT GCATAACTT CAT GCT G), b6 DELFI%E, siRNARIRTS X
I KR4 4 — - pSilencer 2.1-U6 Hygro (Ambion) IC¥8A A%, KiBEZ A\ T
i - BEURBRICAW, BE. ChoRIF—PEEEKEL, DNA P —HIT Y
RICKVIEEESIDHEREZITo 2%, EERICHAWE,

10



3. HRR~NDEEFEA

FSoRT7x0237IClE 60mm T g v all5xI0°HAERD LD ICE
&, 24 BEEER%. LipofectAMINE PLUS Reagent (Invitrogen) ZFB W\ TiTo
7=. PEB6 RIINU ¥ —%E A L/= C12 #IfaD G418 (geneticin)IC X 5 RIS,
EFNEN 500 po/mL TLEBERASIESZEICKYTo

4. L1929-cPLA,o-siRNA & O0— 2 DERK

1929 #ifaZ 60 mmdish IC 4 x 10°HHB/D TV LB LD ICEETH, 24 B
Bz &%, ER L /= pSilencer 2.1-U6 Hygro-mcPLA,o-2 % LipofectAMINE
(Invitrogen)Z AW TEIGFEA LKL, BEFEANDS 24 Bk, #Hilaz %6 U
TJV 7L — I 100, 300, 1000, 3000 #fE/D z IV LB LD ITEE, 1000
ug/mL DEED Hygromycin B T 10-14 BREZEIRE M IT/=, £EE > /=D
26, YN0 —HROMBEOHEEY T YT L. 24 DI TL—F
[CHER L7=. FENEREE D Hygromycin B T5-7 BRLEIRZITU, &= -o /-
M TRENSE L EETAVWEREEN, 35 mmdish [T L, BEERO#ER
ETEERT—IVERELTWE. FoN/o/O— 2D cPLAa DFEIFEL NIV
CBRITHEZATELCEYAIO-VEERLE, 5N/ O— (3 500
ug/mL DEED Hygromycin B ZRMUBEL. RERICERTSHEHNS
Hygromycin B 78 A > TL\V& L\ DME E2i#hZ B\ TEEL /=,

5. Y7 IDREH

SRFEICKDFIHEIC. #HAAEPBS (1) T2EE% L /=%, lysis buffer (10 mM
HEPES pH 7.6, 0.34 M sucrose, 100 uM dithiothreitol (DTT), 0.2 % CHAPS, 10
pg/mL leupeptin, 10 pg/mL aprotinin, 0.1 mM phenylmethane sulfonyl fluoride
(PMSF), 1 mM NagVO.)&TBIVRI LA NR—FRAWTHRET v ahbld
Mlr, 7A—JBY_5—4—(ZA4Tv Y. VP-55)ZRANTSH x 5EDY
=3 ETV. EOEELD (15,000 rpm, 1043/, 4°C) L. EFEZEIRL
T 7TIVELE,

6. DT RYVTAVT4 T

RABMLUAY>TI 50 uyg 2RUTFZ2UINT I RTIVERVE SDS-PAGE

11



(10 % &S IV) ICK YU BE L. PYDF BEICERE L7z, 5 % BSA/TBS-T (Tween
0.1 %)H5WNI7AYII—R (KAFXEFE) ZANVTE4CT—BITOVF>
U Ulc. MUEHAERIGIE. cPLA,aZRET BIE(E,. —Rink L LU TH cPLA #iL
{& (Santa Cruz. 2000 fZ#&%R). #1 U » B84t cPLA,#i4k (Cell Signaling. 500
E#4&). 1 ERKT ik (2000 £5). #1 ERK2 #iifk (20000 £2). U VE{t
ERK #nfk (2000 1Z) %= 5 % BSA/TBS-T THFRL. CERK =& B (F., —
Xk & U T myc ik (Invitrogen, 5000 fZ&R) #10% JAv I —X
ITBS-T (Tween 0.1 %) THIRL. ZBET2~3BERICEHZ, ZRikEL
T HRP (horseradish peroxidase) it E Nz~ v Xk (Amersham)dH %
WIS EY MMk (Amersham) # 10% 70Oy Y T—X/TBS-T TENTN
2000 fEICHML. ZRTIHRBRSEE/Z, ECLAR (PIERCE)IC 1 92EEL
TIERAESELBDE, A A—-2F7F 54 H— (LAS1000-Plus, EX 74V
LA)ERWTHEERZRYIAAL,

7. PHIZ7 5% R B EREEAE

249 VT —MIT2 x 10/ T IIVICHEB LS ICHlsE £, PH] SAX
WEn=7 >+ KB % 0.05 uCilv oIV &S L DITMA,. 37°C, 18 BFfE A
vFaxX—pUL7, 0.1 % BSA, 10 mM HEPES #&% HBSS T2 [E%4% L.
Z®Dt. 0.1 % BSA., 10 mM HEPES & #%#h 500 yL DREBERICT I=RX b &
ER S B 7=, Ri#k _EiE 300 uL #EUR L T 8000 rpm. 5 SEDI=RLE. ZTDD
B0 250 L D LB ICEENSMENEHZBME L (count A), £/, EFEREYX
®BDT L — MIZ 2 % Triton X-100 % 200 yL ZH1Z. 100 rpm, 20 SREIDIRE S
IC&VHIRZEBRL, TDOHM 200 L ICEENSHEEEZBTE (count B)
L. ZNSDENS TRICK > TZ 7+ R EBEREE (%) & k7=,

T7oF R UBREBEE (%) = GEREL 2SR / BV AEN/ZREHEM) x 100
= {(count Ax 2) / (count A x 300/ 250 + count B x 2)} x 100
8. HESIEWMEBEZRAVWCHREANBEZLDERE

HEK293T #2145 L V[ CHO-W11A a4 60 mm T« v 21 4 x 10° K8
F&, —BIZEELE, 2 g D pEGFP-cPLAa, pEGFP-CERK, B&UZmM >
fO—IRS S —ZFNZFTNENSOEMERNTCIS > RXR79 320, 3

12



BRI ICIBZSAERICRRLE, SR 71245232 LT 24 BBREE.
TSRARMAT 4y a(A7F)C2x 10 MlaEZ, ZT0D 48 BEREZRICHESL
— Y —FEMEE (F Y > /8 X FV500-1X, 60 fZ7ki2334 L > X PlanApo60 x WLSM,
FO% 1.00) T7I IV —Y—(FhiEEiER 488 nm, #IEIKER 507 nm)Z AL\
TEHELE, 88BO/NY 77 —(3, 0.1%BSA, 10 mM HEPES # &% HBSS
ZRV, EYRHIT 1.8 mLD/NY 7 7 —IC 10 FREDFEYZ 200 L A5
EICKVTTo

9. HiFAA Ca™ BE_LRDEE

CHO-W1lA#la %, S SAKMAT 4 v a (A TF) IC. 2x 10* MR E &,
“HEEEL, BE%. HBSS (0.1 % BSA, 10 MM HEPES) T—E%i%L. 6
uM Oregon Green 488 BAPTA-1 AM (Molecular Probes)Z 0z, 37°C. 1 B[O
—TF AT %I, D%, HBSS T 3 @EHEELA, EYHRIHKIE 1.8 mL D
HBSS IC 10 S BEDEM% 200 uL MZ 5 &LICKYITo R, BBRIIHESD
— Y —FEMEE (F Y > /8 X FV500-1X, 60 fZ7ki2334 L > X PlanApo60 x WLSM,
FO%1.00) T IV L—Y—, FITC 74 I ¥ —FERHWTHELE,

10. #RARNRT 1« > JREEEDAE

6 U TITL—NIC2 x 10°HIR/Y TV THifRE &, 24 BREEELE, 7
D&, MEZRELCIRET—KBIZEEL, RERICAL/Z, HBSS (0.1 % BSA,
10 mM HEPES &) T—E#% L. NBD-C6 ceramide (FifZik& 466 nm, &t
K 536 nm)d 5\ C6 ceramide ZZFNEM 0.5 uM. 30 uM IlZ. 30 5 fE
IICTAFanN—bLk, EDEERFEZMZ, 30 0 37CTDA FaN
— &, KiS L/ PBS (-)T3ME%FL. 400 uL D PBS (-)TERYRL., HSRF
1—TIC¥E L=, D, Bligh & Dyer ;% (Bligh and Dyer, 1959) % F(\THg
e UE, £9. 05 mLosOOKRIAEL MLDAY /) —)VEMATHK
WTFyORAL. 10 7EIKETHEL/AZ. ZD%E.05mLOoO0KILAE 0.5mL
DFEZKEMAZ, 3000 rpm T 10 MELL. TEOFHREZRBENLE, ERR
MEREMFFTTABZBRIELE. AP/ —)b: o00FRIA =1: 1L AET
YU TNEBREEHE. TLC ICRKRy L, BRBE (VOOKRIVA: X5/
—)V:BFEE =13:3: 1) TREASHER. A1 A—27F 54— (LAS1000-Plus,
ETT7M4INVL)ERAVTHEGEDRVIRAAL, £z, 47 NEFREZEZEL. N

13



BZRE. AA-—TFISAY-ZRAVTEKZERVAALL,

11. In vitro PLA, ;5 14RIE

1-palmitoyl-2-[**C]-arachidonyl-phosphatidylcholine (PAPC)ICEHRH X &M E
I3 TRREZ7 4 W LZEER L. k& 0.1 % Triton X-100 1 ZX T 5-6 SV =
r— b L7z, Reaction buffer (100 mM HEPES ; pH 7.4, 1 mg/mL BSA, 4 mM
CaCl,, 10 MM DTT) 175pL, BE & LT PAPC 50 pL (~60000 dpmitube).
cell lysate (1 pg/uL) 25 uL #B& L. 37°C. 30 9@lA »FaxX—brLE, &
FHEHI(L. Reaction buffer RICH SMHUHRIM L /ZIRETRERZTT > 7=, Dole
E (1IN H,SO4/ n-heptane/ isopropanol =2/20/78) 1.25 mL ZiA TRIcZ Lk
HHE. N-ANTH 2075 mL, ZZEF/K 0.5 mLZEMA T, =L (3000 rpm, 5
5E) L, £EB075mLEEY, FEEDNATH & 100mgD U AT
ZMAT. HO—E=D (3000 rpm, 55) Lz, 2BODOAT S HICKY
PAPC MoBRRIGICEUTIVEEIN, BEEICE[MCI7 S+ RUBES
£ & 1 mL 2, Microscint-0 (X >FL—a>hoTIV) 1mLEMA. &RE
SUFUL—arhurd—E#RNT, MC BELERERAE TS LICKY.,
PLAEMEZRAE L7,

12. AYVEa—9—ICLBHHEEERAFUETI

cPLAza & CaMK lla D =RITET IVIE, ENZE N, Brookhaven Protein Databank
1CJY & 2F86 [CED < MOE(/N—< 3 > 2006.0801, CCG #t) Ti& o 7=, cPLA
& CaMK lla DEID Ky F+ 2 JEEHRDIEEIL, ZDOCK (KRR M2 KFE) TF
AUk, E5IC. PFNWEFEEINSDESHROHEEFRAIRILF—DFE
[, MOE T Amber99 7 +—RX7 4 =)L FERWTITo /=, #EHRMHHE (EC)

DREL. XEESE(ZIT> /= (McCoyetal., 1997), &2 DESEDIEREL
TH U S =ZRtiEEIE. MolFeat (/N—2 3 3, FiatLux) #{#E>THRRLE,
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F£1E HMBPART7 4 OEERB/NT RICKD cPLAG SEEANDEE

1. Frim

IEEE, cPLAo OEMEHITIHEEIC, ERBESNTIVS Ca®' Ik BHIEE Y
BRILICKDHIEICMA, BEPBETSHILPMEENTINS, ZD cPLA
EHEHETSEEE LT, PIP, ERXT 4 OBENH S, PIP; (L. cPLA
DCHRMICHERET DU VEELHEEERATSHET . cPLA g EREFDHERET
DEGELORNMEZEAREIES L THREEZERIEL I LEPMOENT
(V5 (Nalefski et al., 1994; Das and Cho, 2002; Six and Dennis, 2003), X7 1 ~

JEERRBMICKYEDORFENEFET SN, TOHRTH, €53 K C1P
8 cPLAza Z & TE{E 95 Z & (Huwiler et al., 2001; Pettus et al., 2004; Nakamura
et al, 2006)., R 7 4 3 UH cPLA o ZHHTEIENREIN TS

(Nakamura et al., 2004), £7=. C1P E4 3R Tdh 5 CERK % RNAI ;& T down
regulation ¥% &, Ca¥* A4 F*/ 74744 —0O4F > 1 (IL-1 p)FIEICK B
T7o2F RUBEBENRI L. TORIPHMRNDPSD CIP RMICKVEET
5L 5 HE (Pettus etal., 2003, 2004) HHd, —DLDIC. R7 4 TEE
KBEBROBED PLAERICHEEZEZ S5 EME. RT7 4 JREEDOHKBEN
SV AM cPLAzo DiEHZHIE T HFIEENEZ 5NS, LML S, #fast
DORMUERT 4 > JBEED. EOQO KD BHKBEZEZT cPLAa DiEMHZHIE L
TWBDIFALHELE > TWEN, RRARICE T, cPLAa ZiFH{EEE 5T
BOEEICL> T, #HIEANOES I RABHSZE/LL. M/MREHIEEF (PAF)
FIBEToEBIL, HRADLSARMUEECSI RBRT 4 I ANERBIS
N5 & T cPLAEHEIFIMICHIET 5 2 EMRE N, —A. Ca 1+ /
T A7 - A23187 FIETIZIR 7 4 VT2 VENEME T, cPLA ;&R
ICHEIEND ZEMRENE, £/, CERK RIFHRAICH VT, CIP EEED
TUEIC K B cPLA o ETEDIEARMRE /= (manuscript in preparation),

15



2. #ER
2-1. CHO-W11A RBICHEIFT DS I RRMICK D7 5+ R BB\ DRE

CHO-W11A #liRa (3. PAF Z2RENSRIRL AU AREHEOS W O—
~T. PAF FIBICEK Y cPLA ZN L7 S+ R UBERENFI SRS ND
EDMEINTIVS (Hirabayashietal., 1999), PAF Z2R&(X G & /8o BFH
BREZHEDUVEDT, BHOGCHIUNIBEEHEKZTSHIET. MAPK Z(EU
HETHREF T, PLADEBREHELASE. £LT7TZIVES VS5 —

CEEEIR TS EMNBESMNITIHE>TIVS (Izumietal, 1995), D PAF %
BENSHIRLTIVS CHO-WIIAHRIC, €5 X FOABERZEMT 5>
SR7FAOST BEAETHDC2ESI R (N-TEFIVRZ4 T2, 30
uUM) % 30 9 FERIMEE U1 IC PAF B3, A23187 Rl#ZE{To7=, ¥4 C2 &
S RRMEBEORBRBICKD TS+ P VEBEROBRBNELLERARLEI S,
PAF RI#HBETIE. 59DOBRTTY 5+ RV EERNSEC Y, 20~30 7DET
RARBERTN, C2ESIRZAINET S L. 5 FORR THHINRPERE
Eh. 60 P> THT7 FF FUEEBMSIEXRT S5 L3 o7z (Fig. 4A),
—7. A23187 FIH T, PAF RIS &EIERXTC 10 mMBEMS C2 25X FICK
HEENRHNIRN, 30 PORBFLTROENRIVE (Fig. 4B),

A B)
16 20

C2 ceramide

PAF

10+

AA release (% of total)
oo
AA release (% of total)

C2 ceramide + PAF

o T T T T T T 0 T T T T T T
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70

Time (min) Time (min)

Fig. 4 Time course of PAF- or A23187-induced AA release from CHO-W11A cells with or without
C2 ceramide pretreatment.

CHO-W11A cells were pretreated with 30 yM C2 ceramide for 30 min, and then cells were
stimulated with 100 nM PAF (A) or 5 uM A23187 (B) for indicated minutes. In Panel A, open
symbol and closed symbol indicated pretreatment without C2 ceramide and pretreatment with
C2 ceramide, respectively. Representative graph of three experiments are shown and the results

are the average + S.D. of triplicate

16



ZDC2ESI RAMICKBHED, cPLA ICEAELEZHDME D hERE
5728, cPLA EIRMAERITHSED 7/ (Onoetal, 2002) AL
7=. PAF RUHEFD C2 €52 RIFMICKS 7 T+ R EEROIMFIZIRIZ. E
A7/ VRNMCE2IHEHDREFFZRAEBETHY . pDOEAT/ &C2E
SIRZGHALTHHMFMRISEVWDEBREEINGEM >/ (Fig.5A), DI &M
5., C2ES I RARMICLS PAF RO 7 S+ R EEEBEDINHIE. cPLA«
EHEEINH LTI EREILTWS I ENEBZIONE, — A, RKOEHT
A23187 FHET o2& A, S I RARMICK Y A23187 FIHEFICERR I/
7 oF R VBB TAE (LKL (Fig. 5B). CD7 T+ K BB D KT,
EO7z/VICKoTIEERLITHEEKLEZEMNS, cPLA DEHILENLT
FlEECIhECEMREINE, NS C2 52 RAMICKSERIL. &5
ROEBEKREMICEEZ Y. PAF FIEEOIEHIERS A23187 ﬂill;%ﬁﬂﬁiwiéé‘ﬁxb%
H30uUM D C2 5 X FRMMRARIEZER L7 (data not shown),

A B)

15

“ =3 venicle [ Vehicle
I C2 ceramide I N C2 ceramide IL”LI
[F1 Pyrrophenone [ Pyrro + C2

—Pyrro + C2

o
T

AA release (% of total)
N
AA release (% of total)

il 7 i@ﬁ o =8l ]

Vehicle PAF Vehicle A23187

o

o

Fig. 5 Effect of C2 ceramide on PAF- or A23187-induced AA release from CHO-W11A cells.

CHO-W11A cells were pretreated with 30 uM C2 ceramide and/or 3 uM pyrrophenone for 30 min,
and then cells were stimulated with 100 nM PAF (A) or 5 yM A23187 (B) for 30 min. Date
represent means + S. E. M. of three independent experiments and each performed in duplicate.

“x p < 0001, ™ P < 0.001, significantly different from the vehicle-treated cells or C2

ceramide-treated cells, respectively.

2-2.C2 €53 RICK 2R Ca® B LR NDEE

C2t5 X RAMICEKSD PAF RIEBEED T 5+ R EGBEEEDOHIFH & A23187
HEOT7 S+ R UEBEROIEREE VO HEHRTAIHEKROERDS. C2 53 RIS,
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PAF SBGDEEZAEL TS E WD AIEMREEZ. PAFZBHDIFIL
NDUVEDTHDHMIIN Ca¥BRELRDRIZ Ca¥'RZMENRBETHD
Oregon Green 488 BAPTA-1, AM ZRW\TiTo 7/, EXEHREEZNVIAEHHM
RIS PAF B ZE1T5 &, BB THRA CaBED LFNEEINE (Fig. 6A
upper), C2 €53 ROBEHETTH. PAF FIBIC L BFAA Ca?BE LRICE
{bIx iz o 7= (Fig. 6Alower), A23187 Bl IC L 24N Ca® BE LR b, PAF
FIBERBICHWTLERSERIN, C2 TSI RICLIHELZRITAN L
(Fig. 6B),

A) Before Before A23187
N .. .-
c2

ceramide

Fig. 6 Effect of C2 ceramide on PAF- or A23187-induced increase in intracellular ca”™
concentration in CHO-W11A cells.

CHO-W11A cells were loaded with 6 yM Oregon Green 488 BAPTA-1, AM for 60 min. After
washing, cells were pretreated with 30 uM C2 ceramide, and then cells were stimulated with 100
nM PAF (A) or 5 uM A23187 (B). The pictures are at the time of 20 sec after stimulation. Data are

representative of three independent experiments.

2-3.C2 53 RIZL 3 cPLA o BEZ{EADEE

C2 £S5 RERMUAKREICEWTSH, PAF ZRENSD Ca> U F LI
A2 bAO—IVEEBWPBEEINGN /I EMS, RICEKLAIE, C2EF I RR
mAs, HIEEA Ca”BELRICK > THIERIENS cPLA DOHRRE D S%E
DEBNOBREZICHEEEZTW\SAESEEZZ/-, €T, #XI /1D
H GFP % cPLA . ICREE S B2+ ASH /N0 EF% CHO-W11A A CFEIR =
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. PAF §lli#idB KN A23187 Fli#IC K B GFP-cPLA o DIREZELEERL /=,
PAF R TIE. RHEBREFHS 30 HLAT GFP-cPLAx DREZLHEHR S
nNa3m, C2E> = K% 30 MEATAE L% PAFRIEZTTD &, PAF BRI
BFICR 5N T2 GFP-cPLAo DRTEZEAMEEZEINE (Fig. 7A). —7A.
A23187 FIHTIE. C2 €5 X FFEETTH GFP-cPLA DETEZE(DEEEIN
7= (Fig. 7B), DFE W, C2E5 X FAEIL. PAF RIZHEFD cPLAa DEREZEIL
ZMFIT A LT, BRESBEZRIEBTEAVKEICLTWS I ENRENE,

A) Before PAF B) Befare A23187

DMSO

c2
ceramide

Fig. 7 Effect of C2 ceramide on PAF- or A23187-induced translocation of GFP-cPLA,a in
CHO-W11A cells.

CHO-W11A cells transiently transfected with the expression vector for GFP-cPLAa were
pretreated with 30 yM C2 ceramide for 30 min, and then cells were stimulated with 100 nM PAF
(A) or 5 yM A23187 (B). The pictures are at the time of 1 min after stimulation. Data are

representative of four independent experiments.

2-4. B2 IS I RICKDB TS+ RUBEBADRE

TII R, FUNBEEBRT HREBHDENTEZL OHELULEMNFET
5, C2ESIRII. RHESEHDEVVES I RTHSH., TDMIZH, C6 (N-
NFYH/LIVNRCB(N-FU5 /40D, HIREZSBEDES I RTHS., £C
T, C2ES I RTHRINEHRD., DS I FRFTHERIND MiRET
L, TOHER. C6ESIRHC8ESIRD, C2EFI FEREKDEFHZER
L. PAFRIBICEK DT 5+ R BRbEm (THNFI L. A23187 RIKICK DT SF K>
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BRI S (I8 T RIMKRMEBRE NS~ (Fig. 8), /=, HiFAN Ca”BELFEAD
B, GFP-cPLA DREEANDEED, C2ESI FLAKDIERTH -
7= (data not shown),
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Fig. 8 Effects of various ceramides on PAF- or A23187-induced AA release from CHO-W11A
cells.

CHO-W11A cells were pretreated with 30 yM C2 ceramide, 30 uM C6 ceramide, or 30 uM C8
ceramide for 30 min, and then cells were stimulated with 100 nM PAF or 5 yM A23187 for 30 min.
Date represent means + S. E. M. of three independent experiments and each performed in

duplicate. ** P < 0.01, ** P < 0.001, significantly different from the vehicle-treated cells.

RICCHAEEDES I REEZZ(LSBED cPLAG EENDEE ARSI
O, ESIRERTZ4 T IANERBI B SIS —FOREH -
D-erythro-MAPP W\ T&RE%#1T o 7=, D-erythro-MAPP (X, €5 = FOAH
ZRETHIET, HIBRNOESI RENBERTIILEMPHRESNATNS

(Bielawska et al., 1996), D-erythro-MAPP (30 uM)% 3 BFRgTLE L. FDik
PAF %lligi & A23187 Rl %E1T o2& 2 A, PAFRIBICK D7 5+ R BOBERES
ZDIE<. A23187 FIBD 7 S5+ R U EEEREISER TS E VWS RBRSBONE

(Fig. 9), A23187 RIHDERIL. HRADSES I FRINZ Uk EREROHE
RTHo7/M. PAF FIETIIHBEANSDELS I RRMBOERERL
Rélaolee SDTEDS, ESIFEEMEALTPAFRIBEROTY S+ K>
BBt A IHI T ADTIEARL., ES I RPHBRATR 7 3o VICKBich
5 ETHHIMREZRIET HA[EEREDEZ SN,
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Il D-e-MAPP
g T
=
—
(=]
g
o 97
7]
©
2
e

G - T i T - T
Vehicle PAF A23187

Fig. 9 Effect of D-erythro-MAPP on PAF- or A23187-induced AA release from CHO-W11A cells.
CHO-W11A cells were pretreated with 30 yM D-erythro-MAPP for 3 hr, and then cells were
stimulated with 100 nM PAF or 5 uM A23187 for 30 min. °H levels in supernatants were
calculated as a percentage of the total incorporation of [3H] AA. Date represent means + S. E. M.
of three independent experiments and each performed in duplicate. * P < 0.05, significantly

different from the vehicle-treated cells.

25 £33 FRBIOBRIER T 4 VT2 ULk BT 5% KU BBBADTE

ZZ T, #EALSOES I RAMICEY. €SI RBEDLS CRBIxN
LZMEFI L, C6 5 K (30 pM) % 30 ERIRE L/=dh &, PAF FlEH
%L\ [d A23187 Rll# % 30 N REITTo B DMBENEEEZHMEB L. TLCZANTKR
HUAEEZ A, PAF FIEBBICEWT, RT7 4 T30 U ADRBMEDTTEDEHRR
Eh7z (Fig. 10), —A. A23187 RIHTIZ, RT7 4 T VEIXEFIHEFER
BEThH-O =, R4, L929 HIRAICEH N T cPLA EEZHNFI T2
ZEDREETNTINS (Nakamura et al., 2004), CHO-W11A #iBIICEWVTH R
T4 2300 cPLA EFHEIHIT SR LIEE A, PAF FIEICKS 7
& RUEGERES A23187 FIBICK D7 S F BB, X742 VR
mckuaRICHFIEhEZ (Fig. 11), CNSDFERKL Y. PAF FIHFOES =
REETTO7 S+ R VEEROMEIL. X743 ANORBTTEDRE
THDHEDREEINT,
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Fig. 10 Detection of sphingosine in CHO-W11A cells.

CHO-W11A cells were pretreated with 30 yM C6 ceramide for 30 min, and then cells were
stimulated with 100 nM PAF or 5 uM A23187 for 30 min. Lipids were separated by TLC. Lipids
spots were detected by the dilute sulfuric acid. Data are representative of two independent

experiments.

1400 -
[ Vehicle

Il C2 ceramide
F_#1Sphingosine

700

AA release (% of control)

1A

K

7

Vehicle

*kk *hk
PAF

A23187

Fig. 11 Effect of sphingosine on PAF- or A23187-induced AA release from CHO-W11A cells.

CHO-W11A cells were pretreated with 30 uM C2 ceramide or 30 uyM sphingosine for 30 min, and
then cells were stimulated with 100 nM PAF or 5 uM A23187 for 30 min. The levels of AA release
expressed as a percentage of the each vehicle-treated cells. Date represent means + S. E. M. of
four independent experiments and each performed in duplicate. ** P < 0.01, *** P < 0.001,

significantly different from the vehicle-treated cells.

2-6. 53 RREMIZE S cPLAo. ERK DU U EE{EADEIE

PAF Fli# 1T & B cPLA o D;EMAEIE, Gq & O BEN L= I FIVEEE
GIZUINIEENLED T FIVGEICL > TEIERIEINE,. C2EF I RN

22



IC&B7 5+ RBEBROMFIN, Gig/INOEMSD MAPKDY VEEbLI &
FIEMNFITHIETEI DO TWSAIEMZEZZ. G NI EDEERITH
BPTXE#RWTHRELE, TORR, PAFRIRICE>TRRISZ 7 5+ KRB
B, PTXRIALE (100 ng/mL. 18 BSEIATALE) TIXIZEAEMFIESNT, C2
£5IRE PTX OHBALERTIE. C2 £5 3 REMMBR LR, 75FK
VEEREBEDIHINRISEBVWSR SNAEM o7 (Fig. 12) TEMS. GiF U /ND
BD7 5+ RVEBEEBADESQIRE< BN EDDNSB,

N
=

[ Vehicle
Il C2 ceramide l
CEPTX

PTX +C2

AA release (% of total)
~

Nmmn | RAT

Vehicle PAF

Fig. 12 Effect of PTX, an inhibitor of Gi protein, on PAF-induced AA release from CHO-W11A
cells.

CHO-W11A cells were pretreated with 100 ng/mL PTX for 18 hr and/or 30 yM C2 ceramide for
30 min, and then cells were stimulated with 100 nM PAF for 30 min. *H levels in supernatants
were calculated as a percentage of the total incorporation of [3H] AA. Representative graph of

two experiments are shown and the results are the average + S.D. of triplicate.

CPLA o (3, U VEMbLZERITHZEICK > TRBREENPKESEKRT S (Linet
al., 1993; Leslie, 1997; Hefner et al., 2000; Muthalif et al., 2001; Xu et al., 2002),
PAF #IC & 27 5+ R oBbsstd. 3R Ca™ BELRICMZ. FF+—+FIC
&R VBT FIVICE DT cPLA e DEMIEEINB Z L THIERIEIND

(Honda et al., 1994; Hirabayashi et al., 1999; Ishii and Shimizu, 2000), = Z T
EDLSIBFF—ENTSFFVEERICEAET S ). BEFF—EHERZ
AW TH#&E L7z, MEK/ERK BHEHI& LT U0126, p38 MAPK FHEHIE LT
SB202190, PKC BHEHI|& LT GF109203x & G66976 ZFNEN 10 uM D
ETRW:=, ZO#HE, U0126. GF109203x, G66976 #HidLE L /=BT, PAF
FIBICKBD7 S+ R BEERSIFISNAEZ EMNS, PAF FIBICKST7SF R
VEEERE(CIX. ERK & PKC SEB5 L TW\5 Z MRSz (Fig. 13),
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ZITRIC. C2EF 2 RAMICEL>T cPLAa & ERK DU VEEEL NJL(C
EDLSBHEEBZSMhE. YIRS 70y FERAVLWTENETNLDY VEE
fELRIVERE L7, PAF FIEICK YU cPLAo & ERK DU VEEEDSTTHEE L, C2
53 ROBILBIC L > TcPLA o & ERK DY VEEEIL. T2 TIZA WA
Ehiz (Fig. 14), —A. A23187 FIFTIE. cPLAa & ERK U B E(IH&H &S
Ny, C2ESIROFETTHORELRELIIBREINEM O/,

I%%@

Vehlcle Vehlcle U0126 B (‘J Pyrru

AA release (% of total)
S
1

o

Fig. 13 Effects of kinase inhibitors on PAF-induced AA release from CHO-W11A cells.

CHO-W11A cells were pretreated with each kinase inhibitors (10 uM) or pyrrophenone (3 uM) for
30 min, and then cells were stimulated with 100 nM PAF for 30 min. U0126 is an inhibitor of
MEK/ERK and SB201290 is an inhibitor of p38 MAPK. GF109203x and G66976 are inhibitors of
PKC, and pyrrophenone is an inhibitor of cPLA,a. Representative graph of two experiments are

shown and the results are the average + S.D. of triplicate.

-
%)
L
.
o
(-]

| NEag— ~= = |+ P.cPLAa
| —cPLAa
| - — + P-ERK
| — ERK
- PAF A = PAF A

C2Z ceramide

Fig. 14 Effect of C2 ceramide on PAF- or A23187-induced phosphorylation of cPLA,a and ERK.
CHO-W11A cells were pretreated with 30 yM C2 ceramide for 30 min, and then cells were
stimulated with 100 nM PAF or 5 pM A23187 (A) for 30 min. The picture shows the
phosphorylation levels and protein levels of cPLA,a or ERK; vehicle-treated cells in lane 1,
PAF-treated cells in lane 2, A23187-traeted cells in lane 3, C2 ceramide-treated cells in lane 4,
C2 ceramide/PAF-treated cells in lane 5, C2 ceramide/A23187-treated cells in lane 6. Data are

representative of two-three independent experiments.
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2-7.CERK EXUCIP D7 5+ R VBN DR E

EISIREF RT74 2T 0DIFMIC, CIP ICHRBE NS, IBEFE, ZDCIP
M. cPLA e ZFHETHENWSIHEN NS DRSS TIVS (Pettus et al.,
2004; Nakamura et al., 2006), C1P (3., #IlBNTES I RP LS I RF+F—+
(CERK)ICK > TYU VEAEENB T ETEESEND, CERKIEZ. NRBIUR K
AIMEENTEY, RESEDODREZRTEEFF—E T, cPLAa ERERIC,
A CaBEDLERICK>TEMRILELTEEND ##12&%?#9@%%‘(55

(Sugiura et al., 2002; Mitsutake et al., 2004; Carre et al., 2004, Fig. 15), &

T. HIlBATO CIP A Z S H57/=8. CHO-W11lA #if2(CZ D CERK %
—BHICRIBEE, RIEFIBICLS cPLAa DEMEL RILEBE L=, CERK
ZRIVSHLLTORETIET 5+ R VBEERE CKEMENWIEREEI NS,
Ca”" RAFHTH S A23187 ® PAF AV THIBT S5 L. CERKRIRETT S
F R UBEBMOBELBADPBRREINE (Fig. 16), £/, ChoDEXE, E
O7x/ > vICKYFRLICHFI SN~ (datanotshown) Z&M5S, CERK #IRIC
£B75F RUBERMODIEKXRIL, cPLA DESICERTE2HDTHBIEN
RENT,

CERK RIRICK B 7 T+ R EBEREDIE KD, CIP EDWKICERT 50 E
SMERIET B0, EABENDIEESZI R (NBD-C6 52 R) =il
[CHRYAEHET, CIP E4XEZ®RHE LA, TOHEER. 2 bO—-IRNV 5 —%
BAUZMAEEETIE. CIP OEADKREEINAZNDICH L, CERK %iﬁ%ﬂm’aﬁ
T3, BRFHEFTHHOITMIC CIP BEESIN., END PAFRIHICK Y SEE TS
KITBEVWSERMPESNE (Fig. 17), DI EMS. FlFICLUBKRLE
CIP 45, cPLAa ZiEM kL7 SF R BB Z B KRS H LI EBEZ BN,

Ca®*/calmodulin
PH domain DGK domain binding motif

I 209 Jas] 7 | &2 |

t

Myristoylation

Fig. 15 Primary structure of CERK.
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Fig. 16 Effect of CERK expression on PAF- or A23187-induced AA release from CHO-W11A
cells.

CHO-W11A cells transiently transfected with the expression vector for CERK were stimulated
with 5 yM A23187 (A) or 100 nM PAF (B) for 30 min. The levels of AA release expressed as a
percentage of the each vehicle-treated cells transfected with control vector. Date represent
means + S. E. M. of four (A) or eight (B) independent experiments and each performed in

duplicate. * P < 0.05, *** P < 0.001, significantly different from the vehicle-treated cells.

EH5(C. CERK RIRICKDT7 5+ FUERERDIBEKRIC, CIP 5T 5 0%
R 5/=8. CIP DFIEGETHS I I FEEZ RV S HIKNETREREZIT
7=o /MNIEETOD de novo EFHRIRDBREME LADEBR. YV /NILI MV
FSURT75—EE2RESEDE HBADES I REELTODRT 4T
FEEEE. REKETIBIEMHEINTIVS (Hanada et al.,, 2000), &
T, BYUNSIWVIMMIES U RT725—FEERETSHIIUASY (1 uM) %
18 BRI T A & THIRRAR 7 « JREEZBET . ZDE. PAFFI
BEITo=. TR, CERK RRBETHRINTWET S+ R BEROIE
B, SUADMBICLYFERSICHFIZINSEREL -/ (Fig. 18),
NODERMN S, #MBERESI R CIP ICKRH#ENB & T, cPLA EIE%E
BRESESHIEMDRALNELE S
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Fig. 17 Detection of C1P in CHO-W11A cells expressing CERK.

CHO-W11A cells transiently transfected with the expression vector for CERK were pretreated
with 0.5 uM NBD-C6 ceramide for 30 min, and then cells were stimulated with 100 nM PAF for 30
min. Lipids were separated by TLC. Sphingolipis spots were detected by using LAS1000-Plus.

% is unidentified spot. Data are representative of three independent experiments.

150

[ Vehicle -
Il Myriocin

1004

AA release (% of control)

Vector CERK

Fig. 18 Effect of myriocin on PAF-induced AA release from CHO-W11A cells expressed CERK.

CHO-W11A cells transiently transfected with the expression vector for CERK were pretreated
with 1 uM myriocin for 18 hr, and then cells were stimulated with 100 nM PAF for 30 min. The
levels of AA release expressed as a percentage of the each PAF-treated cells transfected with
control vector. Date represent means + S. E. M. of three independent experiments and each

performed in duplicate. ** P < 0.01, significantly different from the vehicle-treated cells
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2-8. 53 R/IA23187 FIMICK B 7 S5+ R U EAEEE (3T 2 R iBEEER DRZE

52 R(L, PKC ZHZEHIEHTEENMETNTHY (Kajimoto et al.,
2001; Aschrafi et al., 2003), ¥7/=t5 X RFDVU VE{LYTH S CIP H PKC %
M U7 cPLA o B Z I 95 2 &EDEREE S M TLVS (Nakamura et al., 2006).,
ZZ T, C215 3 RZERIMLE LEIED A23187 FIEEICK D7 5+ KBS it
DEKRMD, PKC BEDFF—EDFHILENALTEZOTVWS D, EFF—F
DEERZEZANTIRET L, TOHER. C2EZ I RAMBICRSNAET7SFR
VEEBEBEDIE RS, U0126, GF109203x, G66976 TENEFN 3 EIiZEHIH &
Nzl Ems, C2 £33 F/A23187 FIHMICK D7 5+ B EEBEREICIE. ERK,
PKCZNHLTWBZ EMRENE (Fig. 19),

[—Vehicle
I A23187
3 +U0126 L
/1 +SB202190
=1 + GF109203x
A + Go6976

12

[ + Pyrrophenone

AA release (% of total)

!
T
Vehicle C2 ceramide

Fig. 19 Effects of kinase inhibitors on C2 ceramide/A23187-induced AA release from
CHO-W11Acells.

CHO-W11A cells were pretreated with each inhibitors (10 uM) or pyrrophenone (3 pM) with or
without 30 uM C2 ceramide for 30 min, and then cells were stimulated with 5 uM A23187 for 30
min. U0126 is an inhibitor of MEK/ERK, SB201290 is an inhibitor of p38 MAPK, GF109203x and
G06976 are inhibitors of PKC, and pyrrophenone is an inhibitor of cPLAa. *H levels in
supernatants were calculated as a percentage of the total incorporation of [3H] AA. Date
represent means + S. E. M. of three-four independent experiments and each performed in

duplicate. ** P < 0.01, *** P < 0.001, significantly different from the C2 ceramide/A23187-treated

cells.
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3. ZR

AR TIE. HBRADLSHRMLUE C2 £33 KA, PAF FIEEEIR 74T
OUIRBENBZETTY S+ P UBERERHNFISIRERT L EBHOMICLE,
F/=. A23187 FIETIZIR 7 4 AV U ADRBIAENSIK ST, 5 CLP
EEDTEICKY TS+ RUBEBERNERT S EERLE,

ST RBHBBIVIERT 4T UICKD cPLA ESME#EE L LT,
cPLAo DREZLDEEE Y VELDOIMHIE VD ZDDOREICK > THI &L
ZEINTWBIENEZ OGN, ESIRPR T4 TV ICKBBEED
I (IS DTSN TUVAR WD, cPLAa D C RIGEIDRIBERGKE AR
T, BT RRR T4 TP VICKBBEZRMFIFIRD. cPLAa D C Kif
PRI (726-749) ZNAL TR I > TWB Z EMHESTNTIVS (Nakamura et al.,
2004), £S5 R®RT7 4 > M cPLAa D C RimsEIS & EiEdH 5 U\ REE
BICHEERTSZET CaRAL T FIVICHT B cPLA e DRAEZE{LZE ]
LTWBDhb Ly, £, R7 4 32 U HEBENRMEIRA Ca®HAZ
HHT2ENREETNTIVS (Mathes etal., 1998), SEA V=B EEL,
FAIHHRETH S/, SEDRBRTIMIEA Ca® BEDERERET
52 EETETOARN, 20D, FHICL YA Ca”BERERLTWS
KOICRZABM. ESIRHINERT 4 TP HEET TR, A Ca™ &
EEENHE, HLLE—BEDLERETINPEIVERELAVZEDIRRMNIE
ZoTWBDhb LN, TORKMILIBZZEICE>T, HlER Ca™BE
1S cPLA e DREZE(LESIERITDICTH7R CaBEICEL TR o 28]
BEEMbEZOND, Si&13. HIIER Ca® BEDEREZRIBNICHRETE 228
RT. ESIRBELUVRT7 4 TV HEETOMBA CaBEDHBERS
ICTBIEDVETHS,

/=, PAFZBRRNBTES 75+ RV EERIZ. GiF /NI BDOHEEA
THDPIXMETIIFEAEREEZITRMP >/, PKCHERIOUESE LV
ERK FHERIOLEICL>TT7 ZF FUBEEREAKE<IMFEINE, DI EN
5. Gi 2NNV BITHKTFNRY VBMLS T FIVIT S+ B U BHER ICE%E
RIFLTNWBR I ENEZOND. TS G VNV ENSDITFIVICLS
HIEA Ca”BEND LR, HBWIPLCICL>TEEEINZ STV UtO—
IV, PKC ZEFEMH{ZEEZOMH LN, 53 KA PKC ZEFMHE(LT S
(Kajimoto et al., 2001; Aschrafi et al., 2003) WS |ENHD—HF T, A7 4
AU PKCERERET S L0V OHE (Hannunetal., 1986) HH B,
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512, YR MAR®D cell line T#H % RBL-2H3 #ifaTIE. C6 £S5 X RDFET
THRFBZETD & cPLA0 N LT S5+ R BEBOMFINII S Z &N
WESNTLVS (Kitatani et al., 2001), ESDH|ETIE. £ = RRMLERD
cPLAo EEDINSIE, ERK DU VEE(EDEHEENSZETEIY, ERKDU
Vb %E NasVO, THRIEEZ 5 &, cPLAa DEFFUSINFIZNE E WS ER
Thd, H2DIERS. PAFFIHICEK > TERK*® cPLAa DU VEEEIXTTHET
5. ESIRAILEICL>TEDY VELIIIFIENDZLERLTEY,
BODEREDB—HT S, H4IZX5IC, D cPLAESDIFEIN, 253 KR
TlIm<., R7ZqradVICRBchTREBI WS AEEDRLE. Lo T
PAFRIBEICK > TRBWENAEZR T4 T8, PKC DEH{LEZBEEL. 20D
TiRICHS ERK DY VEMLZEIHI TS Z & T, cPLA DEMEZBEELZD
HHLNE, MATH~IL, cPLA DFREZLHIHIT S Z & T cPLA E
HEMEITDENDHAAAEREZRBLE. CNoZ2HETEZS L. &S
S REETTO PAF FIEED 7 S5+ R EEEBEDOIIHIL. cPLAo DY VEE(L
SOFIOHEE. BEZROHHE E WD ZDDMHIESE < 2 & THEER
cPLAza ;EEDINHN DM o /=D b LNE ), &1, PAF FIEIC K S PKC
DFEMHILEERSIR, RT74 VTPV EDBEEZBRSMDICL TV REDNH S,

ESIRDPORT AT IUADHRBERET 2720, 55 —EHEH
T& 5 D-erythro-MAPP % L\ THIRET L 7= & Z 5. D-erythro-MAPP BI4LE [C C2
ST RERMLTH., FPHEICKRLTPAFFIEEEDOT S+ K BEBEBNEI%E
[IREEENAEMo/= (data not shown), €54 —(CIE. E&E. . 7L
HUMDIEBEDES IS —ENEET S (Bernardo et al., 1995; Tani et al.,
2000; Mao et al., 2001; Delgado et al., 2006), < EIfAL\/= D-erythro-MAPP (&,
ZD6DT7INVAVEES IS —FDEERITH 578 (Bielawska et al.,
1996), 1 DEFZBAELTHTRBRRT 4 I U ANOKRBEEMRSB SN
B2 hd Lnialy,

PAF ZREFEN,. €55 —EEEZHETS LV OHE. REFELATIE
WESINTHEST, ZLDERNSH PAFFIBICKD S I —EFHDIEKX
ZRHSMICTETWVGEN, LHLEDNS, NOICK->THFEEEINDIZ SIS —F
D5IERH PKC DFEMHILICKVIFIZE NS Z & (Franzen et al,, 2002). PDGF
®IGF, EGF B EDNZREBRFOAL FF—E7I=A LS5 —EEMH
FERIGFZIENBWEINTIVS (Coroneos et al.,, 1995), T 5D EH
5, PKC ®FAOLUFF—EICKDU VB I FIVHBNIEEDTRICHEE
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TEIRNFRET IS —EEEEFEHTIAEEMENEZ S5ND, PAF SREFH
ICKB7 5+ REEREIC.PKC HPBISTH LV ERDPESNTE Y. £,
PAF $Ili885 & A23187 B TDO ERK DY U E{E L NIVICKERBWDH D
EMS, PAF FIEIC KD PKC $H5 V3 ERK O;EMES, 534 —F%&EFH
{CELRZ 4 a0 BteaESELAEENIZZ O5ND, ZDY VEE
SOFIVDEND, PAF Flgi L A23187 FITOES I RRBIEREDITHE
HEEo>TWASDH LN,

SENDRKRERTIE, S RHBWNIRT 42T, CIP IS, cPLA ICEE
WEERERIZTHED DEIRFLTHEND, ESIRPRT74 T2 UI0E.
CPLA o ICEEES LAEW EBMESNTEY (Pettus et al,, 2004), ED—
F T CIP [CHVTIE, cPLA D C2 RAA 2V EEEERT S EX, in vitro
[CENTcPLAEHZBERE KT 5 2 ENHMEIN TS (Pettus et al., 2004;
Nakamura et al., 2006), F7=, C1P (X, cPLAa IC¥ 9 B EZRER/ZITTIIAR
<. PKCZNLEY VEILS I FIVICL > TH cPLA EEZEFIETH &M
RENTLS (Nakamura et al., 2006), CDFERIE. CIP AORBITEZEE
LT3, C2t5 = Rl A23187 FIEICK 27 5+ R BBt DIE K
8. PKC % ERK OFAEHIICK VU EBTHITIEH S BHEIEND &V D KK DFE
REH—HLTNS, £ UHFOI/MRICENT, C6£F 3 RAMICKY
Ca”"K7EMIIC cPLA e DBEZ(HSTIET S ETT S+ KU EE T
BT EPREINTILVS (Kitatani et al., 2000), 512, S5 RDY (L
A T&H3 C1P 18 cPLAa EHEEBEEAL. cPLA DEREMHDERKPLBEEL
ZR|ER T EHIMEINTIVS (Pettus et al., 2004; Nakamura et al., 2006),
AHETIE. CERKBRIFIFRIC CIP EADTIENBRINTIS, BEIRE
DHIFRT C1P EEADTFUENIE Z > TWSMIIHERTE TRV, HlZRA ca™
BEDLRICE>TEM(LENS CERK A%, Ca?'HRARIHICKYMBEATD
CIPELEDNHEZFIZETENEZONS, COMBBATIEML 7= C1P 28,
CPLA o DREZLDTTHEREREHDIEE LS| TR T EMBHAEINS,

FLHBE. T RRIRERD PAF Bllig & A23187 FIHIC K B cPLA &
HOMBICERENSHRTIHRKD,. FRHICLS S RRBHDEN(CE
Fd3ZLERLE,
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F£2F U UBLITEKTFELLL cPLA SEMEHITEEEEICEH 1T 5 CaMK | DIRE|

1. FFid

Ca®'(d. WIVED a2V EDHEEEREN LT 100 EELU EDEBERE FHEL
THBIENTED LN RAYy YDy —TH B, Ca™ k> THEMEDHIE
ENBZBREOVEDTHS, Ca”ThINED Y EEEFF—F (CaMK) [,
Ca** ST FINE VEBILS T FIANEERL., BRI IFIVGEETO S
BEMEBEREE LTSN TS (Ishida et al., 2003; Tombes et al., 2003), =MD
CaMK [CIE. I~ IVETDY T A THFETSHM. ZD 55 CaMK Il [E, cPLA
DY VELEAETSZFF—FELTOERIZEZHBDILEMPHEINTINS

(Muthalif et al., 1996, 2001), cPLAza IC1, FF—FITL>TU VEkEh B
BRI 3 wFRETEL. 505 BEH DU ¥ E(E ERK/P38 MAPK [C& > TU VB
{tZ==(F (Lin et al., 1993), 727 HBD TV &R E(L. MNKL [CLK->TYU VB
{t%E (3% (Hefner etal., 2000) Z&EMMETNTIVS, ZD CaMK Il [TK>
TY VEBIEENSEGIIE 515 BEEHD Y VEETHS (Muthalif, et al., 2001)
M. COFEICERDOM o7/ 515 BEEDOLU VERED, BREHICEDKD LR
BERIITHASHEZ>TWEN, £, CaMKII DREEICK Y. MEFEER
HRBICBWT, JIWITERZU RO DALALX /) 7+ T7HIBICLS cPLA
DEBEANOBEZESIMHEHEND LN H|EHB SN TIVS (Fatima et al.,
2003) 748, 515 BEEDOLY VERELOBEDUIFALHICESNTWVEN, 2T
AHARTIE. 515 BFED cPLA0 EFHB L UVBEZADHZELZBSNITT XL,
SI5BBDEY VEREET7SZUREICEZFERGERVWTHEREZT o /2. &
7=. CaMK Il BRE# - KN-93 IC & B cPLAo BTEZELINHIDHERF % cPLA o DR
BERGEAVEL1—F9—(CLBZal—2 a3 EAVWTFALE, T0O8
R.51I5FBBDY VEEE, VU UEEIZKS cPLA EEANDRE(IE (N &
MREN, £72. KN-93 [CKD cPLAa DEEZLINFIICHEEE S X R
S7co TDKN-93 [CKBB/BEZHHIERIT. CaMK Il 23, cPLAo Dl K A
1> A ACEEHSWIEREMNICEALTEZ D TWS I EBTREEINE

(Shimizu et al., 2008),
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2. $&R
2-1. Y VERLBMUZERE D cPLA BEANDFE

cCPLAa D 3 7DV VEBEENTNT SV REICERLAEZER

(S505A, S515A, S727A) &, 34 FRIRNTET SV ICEZEEE (AAA)
FEBLE E- K2 AT 4732 bA—=JLEL T, cPLAa D&M (Ser228,
Sharpetal.,1994) 27 S = VREREICEMR L I-ERE (S228A) bERIL, C
NOEREDMEEE BRI T B7/20. ¥ A L1929 DEEKTH DN
T cPLAa DFEIR L N)LHME LY C12 #Hfa (Hayakawa et al., 1993) &R\,
Cl2 #ifald. MRADEBLFEANENELS, BEDONIF—Z—BECEA
LTHTREDENS VNRIEORBMNBELRE NG VH (Shimizu et al,
2004), DA ZAEAFDERRIBEF (EBNA-1) H#EHAENT= pEB6 CAG N
U7 —FHVWTHRICEGFEALE, ORI 5—(I, HiIlRSRICHEVES
BELEETHI LT, EBEMREBRZELUTEMSY NI EHEZRBFSHSC
EDTEHHEMEIFONI Y —THD (Tanaka et al.,, 1999; Shimizu et al.,
2004), BIFEALHEZ. ¥ 1 BEAONEME K SEIREIC cPLA 0 D
REEEVIRY 70Oy MMCKYHERLEZ, TORR. EOZEAEDH. WT &
RAEEDRIREEZRLE (Fig.20), £/=. D cPLAa DFEIFL NIV, FEk
TH 3 L929 Hifa & (ZIZRFEE TH > /= (data not shown),

D pPEB6 CAGNRNIF—[CLBHRRFRZANT, &V VEALEBLIOERED
BREEEANELE, ®FIEELT. Db DAAAF /) 747 - A23187 (10 uM)
EEMBERIED—TET. cPLA DY VEMEICEB D 2+ F—EHEDEREZTES
% Z & ERE (Tournier et al., 1997; Han et al., 2003; Han et al., 2004; Nguyen
etal., 2004) ENTLVD HO0, (L mM)ZR V=, £, INSDOFFEDOHEAED
HITKY. L929 #iIfa T cPLA o HRD T S+ R VBRI KE<SEBKRT S &
DEREZTN TS (Taniguchi et al., 2006), ZDFEZERVT, cPLA ZHIR
SH/ CL2 HilRZRELAEECZA, WT ICBWTIR7 S+ RUBEEOIEER
wmsHsSN, EERLDERGTHS S228A T, 75F RUBEEHOKRE
HEXIIRESNEMo /=, /=, S505A & S727A. AAAZRETIE. WT (T
RENENAEI~7 BEEEDOT7 S+ RUBEEREUMEC S EMo/h, S515A
ZEAEATII. WT LREBEDY S+ R EEpZ5|ZE L (Fig. 21), 2D
EwRNPS. 515 FBBDRY VUREL, BREHICIILEBZEZLRWZ EPBEL D
ElEoTe,
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Fig. 20 Protein expression in C12 cells transfected with pEB6 CAG vector encoding wild-type
and mutant cPLAa.

(A) C12 cells were transfected with the expression vectors for wild-type and mutant cPLAc.
Panel A shows the protein levels of cPLA,a (Upper panel) and B-tubulin (Lower panel);
C12-cPLAa (wild-type, WT) cells in lane 1, C12-S228A cells in lane 2, C12-S505A cells in lane
3, C12-S515A cells in lane 4, C12-S727A cells in lane 5, and C12-AAA cells in lane 6. Data are
from a typical experiment repeated 3 ~ 4 times. (B) The band signals of cPLA,a proteins were
quantified using a densitometer, and the ratios of cPLAa to B-tubulin were determined. The
levels of cPLA,a mutant proteins, that is expressed as a percentage of the control cells

expressing the wild-type cPLAa (N = 3 ~ 4).

100+

®
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@
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WT S228A  S505A  S515A  ST727A AAA

3

AA release (% of control)

Fig. 21 A23187/H,0.-induced AA release from C12 cells expressing wild-type and mutant
cPLA0.

The cells were stimulated with vehicle or A23187/H,0, (10 yuM and 1 mM, respectively) for 30
min. Data shows the results of net increases in the amount of AA released by A23187/H,0, in
the mutants are normalized as percentages of the control value for C12-cPLAc. cells. Data are
means = S.E.M. for 3 ~ 4 independent experiments. ** P < 0.01, *** P < 0.001, significantly

different from C12-cPLAa WT cells.
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2-2. U UEALERRIZRAD A23187 FlliEIC KB cPLAa BTEZE{EANDRIE

RIC, S515A DFEEEMNDHZEZIRILT 578, GFP REE L7 cPLAa
FASHGUNIEERBETHINIS—ZEBEL, CL12 HlIIRIIEGFEAME
DENED, 1 1B TERD GFP-cPLAa HIRMBOE#HERBENTES
HEK293T flifR IC— B ICEA L. &Y VEML BRI ZEREZE A LU/ HEK293T
MRS, A23187 F# (10 uM) Z1T5 &, 1 DLUAIRT R TOERGTKIRR
DANDBEZLHSBREINE (Fig. 22), BEZLECPRBEZLLEIERITE
TORRBEICZERFR TREMEVWDBRONAED > EDNS. cPLA A DY VEE
tix. BEZERICEIFEESZ LN EDIREINE,

WT S505A S515A ST27A AAA
nmm. . . .
5 ¥
1 - - \
Cadl
A23187 RS 4 -
o > o
% Y ¢

Fig. 22 A23187-induced translocation of wild-type and mutant cPLAo in HEK293T cells.
HEK293T cells transiently transfected with the expression vector for GFP, GFP-cPLAa, or
respective GFP-cPLA,a-mutants were stimulated with 10 yM A23187. The pictures are at the
time of 1 min after stimulation. Arrows indicate the typical areas showing an increase in

fluorescence. Data are from a typical experiment repeated three times.

2-3. CaMK Il BAEIZ & B cPLA 0 JEEANDESE

In vitro TO PLA;EMAIE T, CaMK Il ORMNICK Y cPLAo DB E A1
KTBDIENBMEEINTIVS (Muthalif et al., 2001) S EM S, CaMK Il A 5
MDRZET cPLA o DERICHEBEBEZ TWSAREEENZZ 5N/, €I T, 5H
AUVE C12 #ifEICE W0V TH. CaMK 1l A5 cPLAo DEEEREMICEAS LTS
RTS8, CaMK Il OFEEH] (KN-93, 10 uM) & CaMK Il D LR ICTFE
THRHIVED AU OBREH (W-7. 10uM) ZHAWNT, 75+ RUEBEBEAD
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FEEBRILUL, TORR. BEFRORMICEY. WT ® S515A. AAA ZEEK
ICEWTHEEICT 7+ FUBEGERSIIFIE N (Fig. 23), £/, S505A ®
S7T27A ICBEWVWTHRFEDHIFINER TdH o 7= (data not shown), LM LN S,
in vitro 0 PLAL ;EMEBIE T, KN-93 & KN-62 (KN-93 & (3 EiED R4S CaMK I
FHEH (. cPLA e DEEZREEZESHI Lah o /= (Table. 2), 2D Z &1, KN-93
IREDEYMBEED cPLA EEEIHI L TLWADTIIA LS, CaMK Il DFEERR
S CPLAo SEEIFIRN R ICEUDNWTWS T EETRE L., £/ 2D cPLA E
MEIRE, U BMEICIIEBERTE DTS I EMRENT,

CVehicle

I A23ETH 05
EEA AZETH, 0,
HW-T

EE AZIBTIH0;
+HN-93

AA release (% of total)

Fig. 23 Inhibitory effects of W-7 and KN-93 on A23187/H,0,-induced release of AA from C12
cells expressing wild-type and mutant cPLAa.

C12 cells were transfected with each expression vector (wild-type and respective mutant of
cPLAa). The cells were pretreated with vehicle, 10 yM W-7, or 10 yuM KN-93 for 30 min, and
then stimulated with vehicle or A23187/H,0; (10 uM and 1 mM, respectively). Data are means +
S.E.M. for 3 ~ 4 independent experiments, each performed in triplicate. * P < 0.05, *** P < 0.001,

significantly different from that without the inhibitors.
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Vihicle KN-9 KMN=62
Control vector 756+ 28 644 £ 56 B03 £ 158
Wild-ty pe 4604 £ 635 4563 + 282 4208 + 241
5228A 63 + 30 36 + 46 Tdd + 40
S515A 4555 & 100 438 & 302 4646 £ 191
AAA 3173 = 35 2760 = 111 3049 = 5

Table. 2 Activities of wild-type and mutants cPLA,a in vitro and effects of KN-93 and KN-62 on
the activity.

Cell lysates were prepared from HEK293T cells expressing the wild-type, S228A, S515A, and
AAA mutant proteins and from the control vector-treated cells. The PLA, activity in the cell
lysates (15 ug protein) were measured as described in Experimental Procedures in the presence
of the indicated reagents. Data are means = S.D. for duplicate determinations in a typical

experiment involving two representative experiments.

2-4. CaMK Il BEE (2 & D cPLA 0 BEZ{EADEIE

CaMK Il [Tk % cPLAo ;EMEHIEIBEEDRTEEME & U T, cPLA e DRTEZEILD
HESHIFE5ND, MEFEHMARTIE. CavKII DEEICLY /IITEXRTY
VEBED CPLA DBEZNEEEIND Z EPRESIN TS (Fatima et al.,
2003), £ T. SEIRAWVEREBRRICENTSH. CaMK Il A cPLAo DBREZE(L
ZHIEIL D BMDED DEWRI L7z, TDHER. A23187 FUIHIC L > THREENT
(V= cPLAa DFBTEZEAED. KN-93 RILEIC K UHIHIS iz, £/, U VEEt
BAUDERE (AAA) TH, WT LREFRICBEZE(LIHIFHEIZ = (Fig. 24A, B),
/Y UBELERRIEIMDZER(E (S505A, S515A, S727A) THRBEICHEEZELN
HEE 7= (data not shown), ZDFERMNS. CaMK I BHEIZK S cPLA e D
BEZIHEIL, VU BIRELAVW EBbMS, CaMK Il DBTEZE{LHITE
DIZMIEBRLZE AR B 728 . cPLAa D C KER AN S DRIEEEEE R L 7= (Fig.
24C), cPLAo MBTEZLICIZ C2 RAA VISWZAT. ZOEMIIC Ca” BiEE
TEHZELETREZEMSFIERR D (Perisic et al., 1999; Gijon et al., 1999),
ZDC2RALVDHDEERGERANVWTIRETLAEEZ A, A23187 FlFIC K U E
PHICREEDNEZY., UHHZEDERITI KN-93 [CLo>THEEShEM O
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(Fig. 24D), —A. C2 RAA > &V C KinfllDMEEEZSLERME (A397-749)
TIE. KN-93 DRILEICK Y cPLA o DBEZELSHIHE iz (Fig. 24E),
5IC CRIRAIZSUERME (A530-749) ITEWTH, KN-93 [CK> THREZIL
PHHEI = /= (datanotshown), CHNEDFERM S, CaMK Il [, cPLAo Dfi
BRAAL AZN LT cPLA o DREZILEHIET SRIEEENRE I N,

A GFP.ePLA . WT ) GFP-2PLAu AAA 0 GFP.ePLAw C2 domain £) GFP.2PLA w8307 740
Hefore AT Before AINET Bators . AIIIAT
\ , \ot
DMS0) Y
1 =)
*
AZVRY ATMET Bafore

X

Ch L L el 1Wishacie
orrrins CHIEHZZ7H I - =i
el BES  Catalyt 25
- - B15 Oty = B
GFPcPLAG-CT domain D—- i 5%
BFF CF doman Calslybs E,.. =
Cramain A %5
B2
-
a ¥
WT

Fig. 24 Effect of KN-93 on A23187-induced translocation of wild-type and mutant cPLA,a in
HEK293T cells.

HEK293T cells were transiently transfected with the expression vector for GFP-cPLAa, or
respective GFP-cPLAa-mutants. The cells were pretreated with vehicle or 10 uM KN-93 for 30
min, and then stimulated with 10 yM A23187. The pictures are the at the time of 1 min after
stimulation. Arrows indicate the typical areas showing an increase in fluorescence. Panels A and
B show the response of wild-type cPLA,c and cPLA,o-AAA proteins, respectively. Data are from
a typical experiment repeated 3 ~ 4 times. Panel C shows the structure of vectors expressing
wild-type and mutant cPLA,a. Panels D and E show the response of cPLA,a-C2 domain and
cPLAa- A397-749, respectively. Panel F shows the results of quantitative analyses of the
responses of wild-type cPLA,c and respective mutants, and the effect of KN-93. Data are from
experiments repeated 3 ~ 4 times, and the 30 ~ 40 GFP-positive cells in each experiment were

examined. ** P < 0.01, significantly different from that without KN-93.
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2-5. AVEa—4%9—2Zalb—23VIC&B cPLA & CaMK Il DHEEEH

CaMK Il & cPLA e WEEBEEAT SRIEEMEREI T 5/, A Ea1—
Y—=—2Zab—2aVICL5BEETFRHRBREHFEBHMMHE (electrostatic
complementary, EC) Dit&%{To7, CaMK Il [(ITHELEETIL. a. B. . dD 4
DDEBDIRRETHEEL. RTSAVIDENCLY BEHEDY TS
WHEEL TS (Tobimatsu and Fujisawa, 1989; Tombes et al., 2003), F7=
CaMK Il [& 12 OHERAAKZY 71y b5 REZFVITIY—ELTHEELTNS

(Kolb et al., 1998), In vitro DRERFRICH VT, CaMK lla A5, cPLAa &1
BT B LEDMEENTIVS (Muthalifetal., 2001), #Z T, CaMK llo Y7
1=y b& cPLA DZDDNFDHREERDAIEEMZE. ZDOCK Ry F 202
Sab—2arICKVUFRLE, EDHR, CaMK llo ¥ 71 =y b & cPLA
M, BEEBEEERTIAIEENENH D ENFBIENE (Fig.25), £/, £0DHE
BERfEEEREL/=E A, cPLAa D GInl60 ~ Glyl74 TZD DN FDIER
DERbEM =, ZOMBEEFKIE. cPLA DR A A > ARICHEET HM0EHTH
U, Fig. 24 DIFEREMETEZ S L. CaMK Il (L, cPLA o DR R AL > A
R D GIn160 ~ Gly174 DA THEMER L. cPLAc DBEZZHEL TS
ATEEMMTRENT=, E5IC, cPLAa & CaMK || DBEEROESSHEBHEHE
L&A, cPLAa & CaMK Il B3, BEWCRMOBERT v IVEETNTE
NOMRPFOREICHER L TULV= (Fig 26), CDHBHEBHEICHTEZETY
v DOEEHBFRE. RET7 v DIEREBEFRKIEIENEN 048 £ 058 TH Y.,
ROT 4 THREBATHSZEMS, CaMK Il & cPLAa (3. # /N0 B-4 8
VEHREERERILOZZEMNFRTEE,

Fig. 25 Molecular interaction of cPLA,a and CaM kinase lla.
Orange, CaM kinase lla; green, cPLA,a; magenta, from GIn160 to Glyl174 of cPLAa. CaM

kinase lla can interact with the catalytic domain A of cPLA,a via GIn160 ~ Gly174.
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a (CPLA, sida) B) cPLA.a (CaMK |l sida)

Fig. 26 The electrostatic potential on the molecular surfaces buried in the interface between
cPLA,a and CaM kinase lla.

(A) EC on the buried molecular surface of cPLA,a generated by charges on cPLAa, (B) that of
cPLAa generated by charges on CaM kinase lla, (C) that of CaM kinase lla generated by
charges on cPLAa, (D) that of CaM kinase lla generated by charges on CaM kinase lla. The
most negative electrostatic potential throughout all spaces for each electrostatic field is indicated
in red and the most positive electrostatic potential is indicated in blue. The protein-protein
interfaces of CaM kinase lla and cPLA,o have anti-correlated (complementary) surface
electrostatic potentials that were adequate to support our speculation. EC values of Pearson’s
and Spearman’s correlation were 0.49 and 0.54, respectively. Since these EC values are

significantly positive, we presume that CaM kinase Il can directly interact with cPLAc.
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3. ZR

AHARTIE. cPLA2a D 3FEBHDY VEALERAITH S Ser515 D7 7+ KU BE
R (BREMN) EREZADEE, BLU CaMK 11 @D cPLAa EHICEZ
BREICDWVTHRET L=, Ser505 % Ser727 MU VE#1bI3. cPLA o B2 EMN %
BWAKTZENREEINTLS (Lin et al., 1993; Hefner et al., 2000), Ser515
DY VEEERI S, CaMK Il [TK>TY VEEEN D 2 &ETcPLA 0 BERERE
HI1E 3 B ATREME AR & = T ULV B A5 (Muthalif et al., 2001; Fatima et al., 2003) ,
D VEMEBAID R ERGERWZBEIREIThNTE 5. Ser515 DERIEMEA
DEBIPSMERZ>TWEM>E, SEANE C12 #ilAICE T,
A23187/H,0, Flli# 45, CaMK Il ZiF ML L TS D E D DIFRET L TR LD,
CaMK Il (Z#faA Ca” BE L RICK > T:EME{LENBEETH Y (Colbran et al.,
1988, 1989). F/=. H0-FHICK>TCaMK 1 DY VER{LISTTHET D E VD
& (Nguyenetal., 2004) bH5 M6, SED A23187/H,0, Fli# T CaMK
IEEHIELTWEZ EBHAEINS, LHOLEDNS, HeDSEEGERV
BT, BEDOBMENSDFRERMLY, Ser515 (£, A23187/H,0, Fli#IC &
STHEIDT7SF R BB ICHEESZ Do/, 3 #FID Y VB LERMIZ T
RTERSHEAAAZRBETIE. 1 DY VEMEBMEREICEXRTT S+
ROBBEHENISITIETLTEY . WT D40 %Em> TV, DI &G,
CPLA o ISEE S FID U VB LICK > TEBREEDSHHEINSISZELERLT
W3, LHLEDNS, BDTIV—T50D8METIE, Ser505 & Ser727 D 2 ¢k
EERIELGZETH., TOT7F RUBEREIL. WT D 30~40 %&7E>T
(V% (Das et al., 2003) Z &M 5. cPLAa DEMZBIEL 5 5 U ERLERGLI.
Ser505 & Ser727 T#H Y. Ser515 [$475< EHEEID A23187/H,0, Rl IC K
BRERFRTIL, cPLA o BBREFEHHIFEICH (T HERENEE > TOVAENWI EWREE
na,

CaMK Il MTFEET T cPLA o DERFMEMNEBER TSI EMBESNTEY

(Muthalif et al., 2001)., 4« DEEFIZHV/-=RERTH., CaMK Il DREIC
&V cPLA o DEFRFHESKEICHH SN NS, CaMK I DA S DR
TCcPLA o EHZHIEI L TS Z EBREE NS, Z CTHEBRRIZ £I2, CaMK
I EEICLKSDT7 5+ R VEHERHNFIRIRE. WT OHTIE/AE <, S515A ¥ AAA
EREBELTOY VEELBUEREKICBVWTHEREBINE, DFEY., D7
S+ R BRI HIIRIL. cPLAa DU VELICEKTFLARWVER TEZ TS
ATEEEZ SN,
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MEFEHMBICENT, CavK 1| DBEEICLY /INIEXRT7UVEED
CPLAo DREZNEEEIND ZEBMEESNTIVS (Fatima et al., 2003),
ZZTREZAD CaMK Il DFEBERFIL /&L 2 5. CaMK Il DRREICL Y.,
A23187 FIHIC L > THFEE NS cPLAa DRBEZT(SIIHIE N, COBREZE
{EIFIZHRH., WT DA TIIA L. S515A R AAAZEREKLELTDY VEMLER
MERRKICEWTHEHEBEEI N EDN S, cPLA e DU EALICIKTE U R W ER
TREZLEHELTNRIENEZZOENS, E5IT. C2 RASDHDRIE
ZRIATI(I CaMK I BBE(CL S cPLAo DB EZLIFIZIRIIBR I NN D
oo —A. C2 RAA 25 CRIFAIZFEXL /2 A397-749 ZEERMA T, KN-93 44
BICEY cPLA DBREZEEIIIFI SN ENS, CaMK I BAEIC LD BEE
{EHDHI DR (S, cPLA o DFIE R A A 2 AICH U THERT S ZETHREBEINS
CEDTREEND,

CPLAa [E. BEZILELNIREDERICC2 RASVEZVELTBEN. Eh
LISHCH, PIP,REDT7 A U IEEESURE L CA¥IBFEAET THHRET S
ZEMTES (Hixon et al., 1998; Mosior et al., 1998), C2 KA A (3, Ca®
EHEBRT B ETPLA DERANDREE L ZS|I T REDICHFET S
HREKRS NIVBEAVF U EHEEERATS S EHMOENTIVS (Nakatani
etal., 2000), £7z. cPLAa Dt KA A 2 [CHEET B 7 —F U HRE (Glu4lo,
Glu420, Asp436, Asp438, Asp440) DZERMKIL. WT [CLERE L DFRMMENE <,
—HERKMEFRE (116399, Leud00, Leu522) DZEERE(T, BE L DHEFMEHNEL (Das
and Cho, 2002), ZD&LD IS, Ca®&BEMICHRR 77 F IV LEERTS
C2RAAVEIIHILT. MERAAS VISR EEBERT S EMS. CaMvK Il
MR AL D EEEH D DV IRIENICIEEERT S Z & T, cPLA EFEED
EERNMZBRIETWSAIEENEZSND, COHEEERMD CaMK Il D
HEERRETRDND Z & T.cPLA DHAIEA Ca”™ BE LR ICIHE T 2BHEZEL
BEDNELELZDNDZDOHNH LML, S100 77 S U—ICET S pll ¥ /XY
B8, cPLAa D C RImEEICEZER L TBREHZINGET S EPRES N
THEY (Yaoetal.,1999), # /IO E-4 /N EBHEERICK S cPLA o DiF
MHESECDZIEMASHICHRYDDH D, RyF oo Ialb—3> 0
FERMS.cPLA o & CaMK I SR R A A > A EHBEERALDSENSHERT
HBM. §&lL. cPLAa & CaMK || BEFICEZRDOBEERAZE T hREL
EEEEEZRVWTHALHNICL, E5ICcPLAa DEDEIEBEERT D0 %
BASMICLTOWK BENH S,
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In vitro DEERRICHE VT, PKC % PKA 7 Ser505 LIS DERIZE Y BE{LT
ZENREZINTILVS (Linetal, 1993; Lietal., 2007) Z&M5, cPLAa ITE
ERESNTWEWN CaMK I HBWIIZEDTROD T FIVICK>TY VEEES
NBDEAMFEL. TN cPLA 0 EECREZ L ZHE L TWSATEEHHEZ
bN%, CaMK Il [CKo>TY VB EENSESIIE. cPLA 0 D7 =/ BEECHI LT
(& Ser515 LIAHT W DIEFEFEL TWS D, RIEZNSH CaMK Il [TEK>TY »
BtERZITDEVWDHEEFSETHELS, FRARICEVNTHENLOH SN TV,
AYVE21—49—2Zab—2arVIC&PAHEERZERKAEZRWVERITZHA
HFEDE. FRU VEREEBUDOFEDBRFTILENH S,

FLHBE FAARTIE. cPLA o SEEBIEICE TS Ser515 U EE(EERGL &
CaMK Il OFEICTDWNTHRETL. Ser515 [IBHZBHICHEESEZ LN &,
CaMK Il 28, U Y BMEITIKRF UZROMEER T, cPLA o DR K AL > A L EED
BN IEENICHEERT S Z LT cPLAa DREZLEHIET STEEEN H
52 ¢&ERLE,
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Hath

AR TIE, cPLA0 EESIEICE (T ZHIBANR T «  IRERBNZT AD
BB L cPLA SEMEHIEICE1TS Ser515 U U EELERAIE CaMK Il DIREICD
WTHREI LA, 52 REZHBRADLSRINLAZRIC. PAF RIEEITD &, PAF
FIBICKBD7 5+ R EERSIFEIS N, —F. A23187 FIEICK DTS+ R
VESER (IR EIN, COFEDEWNCKS cPLA EEANDEEDIEE(L.
PAF FISEICEWTIE. ES I RBRT7 4 T VICKBENS 2 & T cPLA
EHEEIFIL TWS ZEMNREINA, K2 BN CIP EAREZ LESE S &,
CPLA o SEMEMER L= &5, A23187 R D 7 S5+ KBS BB D183 (3,
CIP NDRBAKICL > Tl ER I SN EMHBIEND, DEVY. HEA
TDRT7 4 IABERBNT ADEALICK o T, cPLA EEDPIEICHAEICD
FHENDZEERET S, CNOHDERIT. £EBATORT7 4 IJBEE
CPLA O EHANDREZBOSNICT S LT, EELHMRELDZENEZONS,
S RT74 AR CIPLUNDRT « VTRREICEITS cPLA 0 EEAD
HECDODVWTDESRIBRFANEENS,

cPLAya Ser515 (3, CaMK Il [CK>TY VEILSN BRI TH S, mER
BERWCEADS., COBMMUDY VELIBREECPREELLICEEEZRIT
IHWI ENREINE, LHLAEDNS, CaMK Il DREEICK > T7Z 5 F R U Eilf
BOARKESELL. £, cPLA DREZE(SIF SN, TDRHEZLIDH
RIE. cPLA D C2 RAA U DHDERGETIIEREINT, MIERAS A
EEUERATHRINE, INSDERIL. cPLA Ot KA A > ADBBE
Ry N0 NV EHBEERICBWTEEALERTH S AHEEERE
THEHDTHY., TOMERAL 2 AN, cPLA BTG O#FH /=& E &8>
ZEMEZSND, 5. CaMK Il & cPLAa EDEEBEERDRET. /-,
cPLA o DEREZ(LE4IHT S, CaMK Il LHHEERTS7 I /BEREADOEBED
EEhd,

AHARICK > T, cPLA G EEFIEHEEBIC B T AL MRZIRET LN
T& /7, cPLAEEIE, 7 VL F—HSUERBUE. U U < FEREIR. FERIEAE.
EHIC, TIVINAI—R/ON—F 2V REEDHBREMNREL EKL IR
KOFEEE1ED, ZAEDERD D, cPLA EMZFIEHTIFRAN=ZXAD
FED., ChoREICHT SABREMROBRALBY —IEBDIENEENS,
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E LT

ARRDXITICEL., #RpEEEHEREEZHY X U ETERERFEREZH
ARFEVNEERFARE FHLUEEBIRICEATHEILBL LITET,

ARARDZETICEL., SKEZEHH. HEIELEEZE LEATFERERFE R
EFWRARENEEZFMRE BFMEEIR. G2, FREHREE
ICE<S#EILBLEIFET,

EHIC. KRNEBB W EE, BERHUMEEBYELETEREAER
EFWARREDFHRBENERARE LOBAZR. SHEEZZARE LHX
—Hi%. MEVERBFARZE LFARFHIR. EFARREDFREERARE
A ESBIRICRS BBV LE T,

F/=. AARDOZEITICEEL. cPLAERBIBEER pyrrophenone #4935 L T
BEEEUAEHFEHEGASH EBEZE L, HUIC. CERK ELFEHEH
S5LTEZELLE—=HHASt HEFXE L, pEB6 CAG RIENI S —
ZHHE U TEEELATERE ZHEREECRERSBEHVNVZLET . E5IC,
AVEa—49—2Zab—2arVICkd N0 BRBEERTFIFEICENT,
ZREHHEGHEEZELUETEREREREFAAREGFREEARE
BB AARIR, BSVICEDBREFARZOERICESEILBLLEIFET.

REIC, AAREZELCHBHEEEE ULTERZAEREZARAREDE
BERARZOZRZELSVICEREDERICES BBV LET,

56



REMHXDEEL., TREARFZREZREFMFARTHERSNLTREOEERR
BILXUiTONI.

EFE TEAFHR (EFWZAKR) EFELT LOEA
HE TERZHR (EFH%AR) EFELT EFHE-—
HE TEARZHR (EFWFER) EFEL. EFEE WEAKRF
HE TEAZERR (EFHRAR) EFEL BHS
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