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RAT7FINAI L b=L3FF—+F PBK) EHKAT7FINL /2 b= PD RUZFD) Uik A 7 ¥ b —
NVERSMID ) Y E LA BT ATEETH Y, EWTHHPI3-) V8 (PL3-P), PI3427 Bk (PI-3,4P,) MUPIL 34,53 » il
(PL-3,4,5-Ps) 1, HOMOES), HMA-EHKERE, WMAILERE, SETRAWE, M, 7R =2 X, ARANLRY,
MAREEE SR ES b EHERAT 5. PBKIZZ S AL 1L WIA6%0D, TONZ T AL, NSRBI K
LMHIN TS, 77 ANBEOWEIZITL A LB SN TV, PIBKOMAFHESE, 5I1FEHMN b — X A
FAEEEAETH S, AT, MEFEHIGEICBT 2 PISKORE BN 2 HMT, PBKIEKET~ w2
(wortmannin, WMN) K UFLY294002 0 7 4 ¥ KBIIRFEIF R A B 5 JUHERUE, MLCw ') ¥ Bk, Rhoifith{l, 343 ¥k
A7 7% —¥ MLCP) HHEICRIZTHR AL, S oICMBIEREIIZMD 2 TWEPBKY 7Y £ TOMEE ik, M
DR, 1) WMN R USLY294002 14, KCUBAHRIZ & 5 INHE K UT20kDa 3 4 & YR (MLCyw) V) > M fl & s 1A
I L 7z, SCRICHE S hTv R4 % PISK RSO E L Il L4, 2 OMmAF T oE &I WMN, LY294002 v
NITH L TH AL d 10BERENTH o7, 2) LY2040021%, SEMKEMUT TZA P THE/ LT FLF) X285
YR D IR BEARAE R LI L 7z, Ul & & b1, LY20400212 7 V7 FL 0 212k AMLCyY) Y EE B LA, Licd?
- T, PIBKMEZHIC L A UHEIHIE, MLCwV Y B LOINGNC X B L #EZ b/, 3) LY2040021%, 34 ¥ vigflis+—v
(MLCK) FHEHEMLOIZ L 5 KCULM OB ZRAEL, UMD MLCy ) Y B{EDET SRME L 22, —7F, MLCPHLsH#ES
JFa) YARSIZLoTHIERI BN UHERIMLCy ) »BLOMEIIBETH -7z, T4bb, PRBKHEMEEL L
TMLCyli ) Y BALZRET 22 LIT Ko T, MLCy ) ¥ Bk, INMOIM AT ERIT I EATRE SN2, 4) The—K
LT, LY2940021%, MLCP 2B IZHIH TAESTFEGEBRDKCIRT/ VT FL+Y Y2 X BIEHIL2 Ml L. $7z,
MLCP &N IIHENZ 172 6 S AFY 7=y F MYPT1 O The®™ ) YL 15 L 7=, 5) MAEFHEAICIE, PISK 7 5 A IRk
pll0e & 7 5 ANEEHPIK-C2« DREIML E N/, 6) MBETFHEH O PISK-C2 e 13 pl10e 12 LT WMN (Zi LT 104524
EEEZEHETHD, IR MLCy U Y BEO WMNEZM & IFIZ—H L T/, 7) KCARUZ VT FLF+Y Y iZPI3K-C2e
EIEHAL L7275, pll0a 2T LAHIHIL 72, 8) ULMERE® (RIF L /-85 MAS iR Wl 123813 2 RNAIBEIC & 5 PISK-C2 @ %531
DHNE, 44+ /24T EBH N T MRFHBIGEZ IR L 72, DL LRSS, PIBK2 9 X N#E#ETH 5 PISK-C2e
WA Rho iEHILICEbLoTE Y, TOEREAL TMLCPHEEZEIZHME L, MLCY YLD EHFMOFHEICHS LTwb 2
EHFH LI o7z, TOMERICE D, PBBKC2 EME b — X ADOREIZH DL EHEILNA,

Key words phosphoinositide-3-kinase, myosin phosphatase, Rho, Rho-kinase, myosin light chain,
myosin light chain kinase

FKAT x4 /¥4 F3F+—+ (phosphoinositide-3-kinase,
PI3K) (3L Y Y IRECHBRATZ 7 FINA /¥ b=
(phosphatidylinositol, PI) RUZ 0 ) » Eibikof /2 b—Ib
R3] rEELEZAMET 2BETH Y, EPYTH5PL3-P,
PI-3,4-P, B (N PI-3,4,5-Ps i3 & 7 F WAREMEE L ZHE L, HIfE
By, MAREEEINET, MRRTERERES, BETFHEIEE, Mg,

ERL164E10 A 28 HZAF, F 16411 F 30 A %HE

W7 R =R, MRPA/NRIRS, RERELE &I 47
AIEREHEATA2ZEPHELMZER TV S Y, ALK B
W PIBRIZA R LB 8DDA Y N—NEhBT7 I —%
MR LTBY, IhbiE—XkilE, HHEOREMRE, IR
BEEPLIDD I FANFEEIN TS, 7T AT, DTh
110kD OfffE+h 722w b (p110e, pl104, pll08, pll0y)

Abbreviations . DAG, 1, 2-diacylglycerol; DTT, dithiothreitol; GFP, green fluorescent protein; IP;, inositol 1, 4, 5-
triphosphate; MLCz, 20kDa myosin light chain; MLCK, myosin light chain kinase; MLCP, myosin phosphatase;
MYPT1, myosin phosphatase target subunit 1; PI, phosphatidylinositol; PI3K, phosphoinositide-3-kinase; PKC, protein
kinase C; PLC, phospholipase C; RNAi, RNA interference; siRNA, short interfering RNA duplex; TLC, thin layer

chromatography; WMN, wortmannin
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& 5T 50~101kDa D 7L m y M b AAT T RE
BB L, Pl4,52') 1 (Pl-4,5P2), Pl4-1') Yk (PI4P), PI
OWFNOHHET B, 75 AT/ IMEBERER T, 1>~
AN v EDRREFOY Y - RN UTHENT B BE5ER
TRGEHUEEHEEERENLTERTEITI=A ML T
ks ha, 27 AN0EH200kDaD32DHF 7547 (a,
B, y) bRy, BETTEOBREENETIMENEEEA
s hcngn, FFEEIEoM#ES TocilahTng
W, 25AME I TATERED, PIM4-PLPIOATHEEET
b, 75 AULSHERO VpsdpDFEa—7TH Y, MEHNA
MR o Tna, 75 ATLEMIR NI B THEBAY L2
WM E LCHELTEY, PLOAEFHEIICFIAT S Z &%
MThbd., PBRIZMNTAHEHR LTI - v ro v
(wortmannin, WMN) K OVLY294002 2%I5 < WFFELZ W H 3L Tw
B0, 49 Alet 7% 147 (PI3K-C2a) DAIEI NS DE
T BIRRMDD 2 VN — S LT &b 1015
WIZENHLENTWS,

AT AR R B, Ve, RrcELESR
BRI (F—F a4 F) Lo TH &SRB EAZYD,
2R DA RIS AR AT A2 BRI (2 D% TR
THILGIM O G 1 PUHYRIZ A MR CH D) &L, ZaikG
WY Gyrn & A L TR AR 1) 23— C (phospholipase C, PLC)
WPETL & SIS L D LA Ca¥ T~ v BV & e Ca™ T v &
MO EG &R L, I ONREGER AT 2 AT 5 5
A E LTz (. PLCOIRYEILIZ & b, SIfle 418
T 5 Y P H, PSP IR RE S, 477 F =i, 4,
531 » ¥ (inositol 1, 4, 54triphosphate, IPy) &, 1,2-¥ 7 ¥ L7
1) 21— )b (diacylglycerol, DAG) %54 &5, PLCOIEH &
4B PL4,5-Pyld, 1/ b—VBISALCY) VEEERFST, I
35D PIBK DM T Avy. B2 T Gy —~ PLCHEHE I PIBK & 1
PRI L 2o v, TPy b FA Ca® Sl 7 — )V & 1) Ca™ X
WAaB|&E2o L, filakCa®F vt & i LMlsts oo
Ca? it AL E »C, ABRHLN Ca2 ke ((Ca™]i) D LAA
bbb s, [CMiDLARANEY 2 »E2HFLTITY
> R4 % - — (myosin light chain kinase, MLCK) % &ML L
20KDa 3 # 3 %44 (myosin light chain, MLCw) % V) ¥ f{L¥
B, ORI F L TAFAYNET I FrT 4T ALY M
OMEAR DT 2 , W2 G 5. —7, DAG & Ca™
2k o T7uF 4 ¥ F—EC (protein kinase C, PKC) A%
fbai, TRHIUHICHES LY, PKCIZ & 5 MAFIUHEO#F
WA MLCy VU > TR HETR T B 8B4 & JEIRAE 10 L DO T E A
AT D EFEALON TV, EEIOEFVIIMAT, MEE
TP A MLCw ) Bk o 71 & 2 2 M4 5 & &A% & 2
ENEYO T by, (FERNH I MLCK & 5L 5
ERWEIE, 34T VEH TR 77y — 4 (myosin
phosphatase, MLCP) (2l % RiZF 2 &1z & b, [Ca™)i EF-
IZ&k o bYA= 8B MLCy ) Y ELE B (Ca® D
W) 5. ik GV orONESV-TI28 b, mE
VEBM RS X % & @ MLCP #1213 54T G 2 B E Rho R U
Rho (= & 0 iEMAL & 45 Rho FF—EWWELTWB I L4
B s Y, g, NEEBHYEE=EECEDE
G ® - LT Rho #{FHALT 2 L X HNTE AR 5 ¥
RE, MR I BV TRCIBSRPe A 4/ w4 ¥ vi2 &
2[Ca®)i A2 RhofEMALE bbb I e d B LA, $4b

%, MEEENE IC & 5 Rho iFHELITIE Gl D MiZ, Gon-
Ca* DB IMET 2. iHHEL &N/ RholdRIZRho ¥+ —
EOEFEMTTEF L6 L, MLCP?D110kDa 3 4+ » #4497
.= b (myosin phosphatase target subunit 1, MYPT1) 3 X U°
MLCPRE&EMH CPH7 DY) »E(b %5 &R THRMLCPIEME
k3 5 9N % 7-Rho ¥+ — ¥ D12 PKC b CPL-17% ) >
AL S 599 Rho-Rho ¥ - — ¥-MLCP R OiF DL 1L ML
BTN ERESELSE 2B H Y, ML mEh RS %
EORPWEF MBI BT L I OREOME IR S LT
;“) 2())~23)_

PALED &S BB BT A PLCE A L) “IRE 2
HOTEREEIL L SO TWV DA, ZF T LREMEEELR
I EIRIZEIC B 1T A PBKOREIZIZE A LML TR R
o7z LA L4, PIBKMEE TdH H WMN R LY294002 HSIL
R RIS A Z LMW TR SR, FAZ0
P ATMLCy 1) > EE(L DI E LS T L ASTRE N L
Lidss, ZhbREEI MLCK, MLCPWIRLoiFEiz &
DL REBHE S LTEEE RIZToL,, FmEFEEHICL
3B EDOPIBKY 7Y 14 THEELENENE RoTWEONIE
RWPTHhot. AEIZBNTINSLOHIZ2WTHEL, 1)
KCIBL - HRlie / V7 N L) 2RI I 8T, PIBKER
EHITE E L TMLC i) v B L ZEMfET 2 &124 0T
MLCa VJ B {LEET &5 2 &, 2) ZOEMIERhoiEMEL
BEUMLCPOMYPTLIH 7=y 1) Pl 249 =
&, 3) Tho@PBKHERNIEEH OG- FRNE, 752
UREEPIBK-C22 ThHDHZ EEWPL ML,

MREUHE

1. &3

AP ER L AT EREDOAFRIEUTOE) THhs. /
V7 RLFI) Y BOT7— k<> 2> (Sigma, St Louis, USA),
U46619 (Calbiochem, La Jolla, USA) M TFLY294002 (Cayman,
Ann Arbor, USA), AV F 2V Y- ABRUMLY (E{b¥ETE, |
), PLMYPT1 T850 1) > Egfbi#ifk (Upstate, Charlottesville,
USA), HTIMYPT1#ifk (Covance, Berkeley, USA), #HTMLCxiT
& (Sigma), $iRhoA (26C4) #ifk, #PI3K pl10e« (N-20) Hifk,
HLPI3K p1103 (S-19) #iiff (Santa Cruz Biotechnology, Santa
Cruz, USA), ¥t1) » {7 o & > #ifk (PY20) (IC, Irvine, USA),
Pt PI3K-CII e #7044 K U9 PISK-CIL 2 #if& (BD Biosciences, San
Jose, USA), #HiSer'™1) > Ei{l AKTHi{& R UL Akt itk (Cell
Signaling, Beverly, USA).

1. MEEEEHSERERNAE

HEIO kg DHAFRHBRRBOTHIRL D VL /R FIL
(102 mg/Kg k&) (FLa S48, ) TlEKS L TRER S ¢,
M ATIIR & HH L7z, KREMRBEORE ML REEL, E6-
SmmD) y FEAEFYYH LA, ML By CAEMRS
RHGERREL, SRMUENNERER (UM-203, BARERBW,
BOER) ICEUDf4LY, 37°CTF, 95% 02 5% CODREN A % 3#
& L 7- Krebs-Henseleit #2#i% (NaCl 119 mM, KCl 4.7 mM,
KH,PO, 1.2 mM, MgSO4 1.5 mM, CaCl; 1.5 mM, NaHCO; 25
mM, glucose 11 mM) %®ifi/z L7z A AERTLIS 7LD
BREDBEMTICA > F 2= LAY 1HEELIL, 60
mM KCHZ & B I IR Y — 2 [E R b ETHRVIEL
GEH3-4M), ZOHERLHE L. He OB X554



100

ETIIZ60 mM KClLIZ & A BARKERIDWTRRLL.
L. MLCso Y >E{LRUTMBS U > B{EDRIE
EREHTICHZME) ¥ 7ERE10% b Y 7 0 VERRE,
20 mM DTT (dithiothreitol) && F5 4 74 A-TE b >R TE
B L, WIBMZBRICHELLE, 0mMDITEET
LY (ER) BTI0SMY S SEREAFa— P L.
INEEIEENRLE, FL 7L T LETHE) v IERE
BIR X7z, MLCy Y Y EEL AV ORIEICIEME ) ¥ SR
BN I THIA IR L, RET Y 7B (20 mM Tris/HCL
(pH8.6), 23 mM glycin, 10 mM DTT, 8 MIRE) PTHERLE
BE MM LA il E RO EE (UltrafreeMCFa—7
(Millipore, Bedford, USA) ##if) L, Wz RE—7 ) Lo~
W—FE)TIILT I FERERKBTIEL, {EXTYPAY
7L > (Millipore) IZBEMICEIEES L7z, MLCxHUEE AVTY
SRR UEEY YEE{EMLCy/Sv FEBRB L. N FO 7>y
37 4 —i3F >3 b A—#% — (PDI, San Francisco, USA) IZTE
FL, MLCynV ¥EE{L L N IEFMLCy ¥ 72 DY) M 114
MLCyp®% & LTHER L. MYPT1 ) Y EAL L RIVIIEDYS
&lTiE, EEOMEY v 7ERE, 20 mM Tris/HCl (pH7.5),
100 mM NaF, 1 mM NagV0,, 0.1%SDS, 2 mM EGTA, 0.5%
NP-40 2 LK A BERETHFEY 2T 1AL, 4HFRED
Laemmli SDSH > 7 VAR & R 5 5 M&wk L, 15,000
ET5OMBL GO LERERALL. EHo—BEzHAWT
Lowry B L 2 BEHAEEF T, SEOEH (110 »g) = SDS
B%ENTZINT I VBB CHHBELA. 1 E¥T P
ATy CEEH, HTS50) B b MYPT1iifkdE & UHiE
) Y EMEMYPTIH AR AWVT AN Y FEBREL, Froiq4—
2EE L. MLCn VU Y E{LEIE, BMLCyE () VEEERT
JEY L EEEMLCy) 23T %) S E{EMLCo B OIS L LTH
AL
IV. EER Rho DEE
ERMIIHETICH AME) ¥ FEREREERTEEER
L, 450 x1Rho 7 v = 1 Ff&HE# ((Tris/HCL 50 mM (pH7.2),
1% Triton X-100, 0.5 % deoxycholic acid, 0.1% SDS, 500 mM
KCl, 1 0mM MgClz, %20 xg/ml® leupeptin & UFaprotinin, 1
mM PMSF (phenylmethylsulfonylfluoride)) THE¥ =+ 1 X
#%, 4CTTF, 105, 15000HiETH.L L, LEZRNLZ.
FEO—HEYTAY L TOY T4 TIlL BB RoEEDE
BERULowryEIC X 2BABENEICMER L. EEE270 4
g &tk EY 2 57— MiZ, glutathione Sepharose ¥ — X
(Amersham Biosciences, Piscataway, USA) |Z#&& L7240 ng®
413 2 glutathione-s-transferase (GST)-Rotekin ZH %M, @
BRMVIIREI LEBHHALATT, 300M4 »Fa—hL7%.
4CTF, 35%H, 12000 ETHELL, HEDEERLL:. Tk
) % RSB TE (50 mM Tris/HCl (H 7.2), 1% Triton X-100,
150 mM NaCl, 10 mM MgCl,, %20 xg/ml ® leupeptin K OF
aprotinin, 1 mM PMSF) T#i#E L, BELILOLHTELL,
gy EEIR L, Zhr S 526D E L%, Y
24Ei B ) Laemmli SDSH > 7IVEH N CXBEHR ML,
Hilfk, ACTT, 55B 15000 METHEL LT LEZHRLD.
SDS15%FY T2 UAT I FERKENICL ) SHL, 1T
O y-PAY7 L EER, FiRhoAHUEEZ B\ T/vy e
MLFY 714 —2EELT.

V. PI3FF—tE7 vt

s R T 126 A M) > 7R % RSP TRl
L, 800 u1DPI3FF—¥T7 vt A FRARMEHE (1% NP-40, 20
mM Tris/HCl (pH7.5), 150 mM NaCl, 5 mM EDTA, 1 mM
NasVO,, 10 mM NaF) THEY =+ 4 Xfk, 4TCTT, 104H
15,000 AEETHE L L, EEXIUE L. BHE40 xg &
E#E I &PBKIED LLEMEAAFTF T L ¥ (anti-
phosphotyrosine, PY20) ik # &, PI3K % fuibis L 722%",
s vk e % SETE (20 mM Tris/HCl (pH7.5), 100 mM NaCl,
0.5 mM EGTA) Titirik, ¥+ —¥7 vt 4 HBEHH 20 mM
Tris/HCl (pH7.5), 100 mM NaCl, 0.5 mM EGTA, 20 mM
MgClL, 10 mM ATP, 10 mCi/ml of [y -*P]-ATP, 200 xg/ml
P) #I0%, 26 CTFCT309M 4 »F 2=} L 7. CH;0H
/CHCl/11IN HCHEHE (2:1: 002 (V: V:V)) ZI& BUE% 1k
L7-. 15,000 [H#E, 1M LEOTE 2 &RERL, Wi
v7 } &5 7 ¢ — (thin layer chromatography, TLC) 7L — b
(Silica gel 60, A WV v 7 #) icXAF v b L, CHsOH
/CHCl3/25 % NHOH/H,0 (43:38:5:7) 252 HHATR
BL7®, TLC7L— b ECHRES ) BRICPI DR
% Fuji-BAS /N 4 A=V FF 5 4 %2000 & » TiEdk L 7.

VI. PIBK 24>y 7>

e R0 R B OF 7 FABIIR Y /B4 2 20 mM Tris/HCI
(pH7.5), 100 mM NaF, 1 mM NayVO4, 2 mM EGTA, 0.1%
SDS, 0.5%NP-402 55 KREY o — ¥ a Y REFHRP TIEm
bLEAREY =+ 4 XL, 4°CF 15,000 [ 155 4 H#0 L,
EEESMEILL 72, EHO—8% Lowry i51C & B E RN
FICHEAL, BEOLHIOH L TXBEHREML TRAR,
Hib L7, EREO120 g BEHBIEYE ESDS8%BFT 7
V73 FERKENCTHMEL, 1 EXDY—PAY 7L VICE
AWICEEL, SEERNATHCWTYZAY Y THY T 4
T RfTo .

VIL BELEEE S TB M & By RS D g

55BN A Ay —%T v X DFHE L REIREMLIL,
54 7VaAsrF—¥, ¥4 7Nz IT Ay - (WTFhb
Sigma) THILL, HMEEMEFEGMRERLY. 7320 20
pg/ml) (497 %FHF5 A%k, W) TREEHBLALYZ ART
75y & F x> 3— (Nalge-Nunc, Copenhagen, Denmark) L2
BREL, 42 YBERERTI @ ng/ml) KUT0.2 %HRITEER
EHY YT IVT I (Sigma) % & tr Dulbecco’s minimal
essential medium % fJ > CHEME L7z, 533 H IS, Mia% b
SUAT7xzrayBREI)RT7 7 T 2000 (Invitrogen,
Carsbad, USA) # AWT, 7 74 GFP (green fluorescent
protein) 5875 A 3 FpEGFP-C1 (BD Biosciences) % b7 ~
A7xyarli 24BMKIC, g2y b (CSU2L,
HNER, $HE) 245 & @0 RS EsamMeE 0X70, £ ¥
A, B@) TEELL. FilmiiaoltEs, 1A%z 0
REEORNMEIER T OB E (%) THHLL 7=.

VIII. RNAi

PISK-C2a« » DNA ¥ % B % 5° -

AAGATATTGCTGGATGACAAT-3 123 L T2 A S RNA %,
Silencer siRNA (short interfering RNA) construction kit
(Ambion, Austin, USA) 2 LT, 1 ¥¥ra b5y 22107
avEIcE DA LA. a3 PO —VRNA (R STV
RNA) OFEEYi, 5 -AATCGACTGTGATACTACAAT-3’ Tdh -
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7. MO, UREESRO 24 B HTICRNA 20 nM il IX. HEHLESR

B CpEGFP-ClE & biZbT ¥ A7 27 Yar L. 2O MEMIZT TP L EEERE TR L. ZHEOLBIE
RNAi (RNA interference) 12 & ), PI3K-C2o OFIBE LI Student t3EEE, SFHEOIEICIZE TR EITVWEEE
WURATEIEFIIAY Y THy METTHERLZ. AER T b DIZH LTI Scheffe D FIEICTREL 7. &
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Fig. 1. Time course of KClinduced active tension generation
and MLCy phosphorylation in the presence and absence of the
PI3-kinase inhibitors. (A) The effects of PI3-kinase inhibitors
on KClinduced active tension generation. The symbols (4,
M, A) denote stimulation with 60 mM KCI alone, KCl in the
presence of 100 M LY294002 and KCl in the presence of 1
M WMN, respectively. (B) The effects of the PI3-kinase
inhibitors on KClinduced MLCy phosphorylation. Rabbit
aortic ring was stimulated with 60 mM KCl in the presence
and absence of WMN (1 M) and LY294002 (LY) (100 M),
which were added to the bath solution 30 min before KCl
stimulation. Isometric tension was measured by using a force-
transducer. Contracted aorta rings were rapidly frozen in
aceton/TCA with dry ice, followed by analysis of MLCz
phosphorylation by urea-glycerol PAGE and Western blotting
using anti-MLCy antibody. The open, shaded, and stippled
columns denote stimulation with 60 mM KCl alone, KCl in the
presence of 100 M LY294002 and KCl in the presence of 1
M WMN, respectively. The data are X= range of duplicate
determinations. The symbol T denotes statistical
significance at the level of p<0.01, compared to respective non-
stimulated values.

MREE5 %Rl A EMIICER EHEL L.
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1. PIBKBAEEILLBKCIE LU/ INTRLFY IS E
MLCy U > ER{EDHIEI
2 FREIIR Y ¥ EARLZ60 mM KCIIZ & 2 4R ik &
b2 5 LR GESRE S (@14). KEIRY » 78
KEdH5HH Lo PI3-F - — Y IHEH LY294002 (100 uM) &5 1
IEWMN (1 M) THLET 2 &, KCLIZ & 2 TS R4,
FRiEAI O VAL D 80-90 Il S AL/ (K14). £ 72, LY294002,
WMN O is, KCIHBHG249, 547, 200 OIEET
MLCy ") > 1k % 6590 %MaI L 72 (W1B). LY294002, WMN
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Fig. 2. Dose-dependent inhibition of KClinduced contraction
and MLCy phosphorylation by the PI3-kinase inhibitors. (A)
inhibition by WMN. (B) inhibition by LY. The PI3-kinase
inhibitors, WMN and LY294002 (LY), were added to the bath
solution 30 minutes before KCl stimulation. The closed and
open bars represent active tension and MLCy
phosphorylation, respectively. The data are X+ range of
duplicate determinations.
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WX BIGHERUMLC, )~ Bt il & b W HERFNTD
n, LY294002, WMN R FHIZB W THRERA DB TICEIX
FEA LTV (LY294002 Ti3#I 70 M, WMN TIH0.5 xM)
(H2AKU'B). BEDHERD G, FHEEIC L S EEGRNIX
MLCy V) B OHHINC & B 2 & ATRE S iz,

LY294002 1, SEMEEEET T=A FCTHBH/ VT FLFY
¥ (B M) X B S BEERFEICHIH L (R3A). LarL,
VT RFLFY s B LT, PKCEIFHILTA 74+ K-
12,18-¥ 7F L — b (phorbol 12, 13-dibutyrate, PDBu) L&D H]
I8 - 72, MBEOMFTERIZWMNIZX - THEESh.
LY294002 (100 M) 12F 7z, JAFFLFU Y @G uM) 2£5
MLCaz U > Bk 2 # 70 %% L 72 (W3B). /LT FLF+) ¥
\ZH B L TPDBuiZ & 5 MLCy UV Y ER LI BEETH Y,
LY294002 12 X ZHMEIIEH & D Tld e b o 1.

A
T 200+
ek
%g 150}
c3 ¥
L2 100} x
00
>
b
£ 0
0 0.1 1 10 100
LY294002(uM)
B
- <« MLC
el =5 = Rl iy ¢
PDBu =~ = =~ = 4 +
LY - 4 - 4+ - +
Fig.3. Different effects of LY294002 on noradrenaline (NA)-

and PDBu-induced contraction and MLCy phosphorylation.
(A) Dose-dependent effects of LY294002 (LY) on NA-and
PDBu-induced active tension generation. The data are X+£
range of duplicate determinations. The closed and open bars
represent PDBu-and noradrenalin (NA)-stimulation,
respectively. Aortic rings were stimulated with NA 3 M) for
5 min or PDBu (1 #M) for 1 h in the presence of various
concentrations of LY294002. The symbols * and T denote
statistical significance at the level of p<0.05 and p<0.01,
respectively, compared to respective values in the absence of
LY294002.

(B) The effects of LY294002 on PDBu-and NA-induced MLCy
phosphorylation. Aortic rings were stimulated with NA (3 4
M) for 5 min or PDBu (1 M) for 1 h in the presence and
absence of L'Y294002 (100 «M).

H. PISKFAZEREIC & 3 MLCyofi U S BRIER URtfRO(EE

PISKFHEHE T & 5 MLCy V) Y ERILL RV DT Ix, MLCy
By R b {EE (MLCPOIEMETLHE) b L < & MLCy V) » B
b7 a+ 20 MLCKIEL:O I DOwvhr, Hanid
WEICE-TEERIENI B, ZOHEFYLIITTHEMT,
KCl (60 mM) 12 & - TR & &7 KBk ) > 7 B4 MLCK [E
EWML-9 (100 M) #EHSETHBEFEL 2. BN,
ML-9 % 5-% 25 5 Tl ML-OJEFFfE T2 b L T60 %IET L,
MLCwJ Y EAL L A3 T0 %R T L7 (X4A,B). MLO & &
b 12 1Y294002 (100 M) % {fH & €5 L3kJI, MLCx Y ¥ 8L
VARV OETREEICHEE SNz, 2 ofRIE, LY294002 2
MLCylii ) B8 L% {RMET 2 2 &, 7 i s MLCP iF1H: % ik
TAHZEERELE.

—75, KCIR 7 FL 1) % EORIEA % i 12 MLCP [
EHAH Y F ) VA 03 M) OHICL - TH AR SN LM
BRI L TiE,  LY294002 (100 M) 12 IR (209)
UG & I L 72 A%, MLCow V Y ERAL L~V L e o 72
(F5A, B). T O#E%IE, MLCPAME & T WB & FTo
MLCa ) ¥ EE{l MLCa ') ~ BR{LEESEIE M & BT 5) 1Sk LT
IR E A SR RIZE RV & 2R L7

120¢
100}
80f
60}
40}
20

Active tension
(% of 60mM KCi-induced tension at 5 min)

KCI
ML-9 -
LY -

Fig.4. Stimulation by L'Y294002 of ML9-induced reductions in
tension and MLCy phosphorylation in KCl-stimulated aortic
rings. (A) Active tension. The symbol T and § denotes
statistical significance at the level of p<0.01, compared to the
KCltreated and KCl plus ML9-treated groups, respectively.
(B) MLCy phosphorylation. At 5 min after KC1 (60 mM)
stimulation, ML9 (50 M) with or without LY294002 (LY) (100
#M) was added. 25 min later, the reactions were terminated.
The data are X S E of triplicate determinations in (A).
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II. PISK[AEE(C & 5 Rho &ML R ' MYPT1 U > E{ED
0l
KCl, /7 FLFU vidwyidRho &iFHElLT,
MLCP 0¥l %5 & 3. # 2T, PISKIEEHD RhoiFH
(BlzRIZTaBEHRE L. KCl (60 mM) R/ V7 L3
¥ @ M) iFvFhd GTPHE AT Rho DER T 6-8fFHEMNS &
7= (F6A). LY294002 (100 M) i£KCl, 7/ V7 FLF 1 »il&
% GTP#5 &1 Rho ® ¥ 11 % 80-90 % #fil L 72, Rho &AL 7
MLCPII# D & LCHRET 72 =y F MYPTLD ) Y1t
FEEELELONTWA, HEE, U X BIEMYPTLHA% R
W MYPTL The®™ ) »Egfb & #fliL72& 2 A, KCl, / VT F
L+ vk ok 23 M5 s &/ (6B). LY294002 i3 KCl,
JLTRLFY YIZEBIOMYPTLY »EEfba L7z, B
FoEERE, PBKHAEEIIKCIRT VT L) XIl&d
Rho AL #0142 2 &2 & ) MLCPHIMHZlETH 2 & %
ARLTWA,

Active tension
(% of 60mM KCl-induced tension)

CalyculinA + +
LY - +

Fig.5. The effects of LY294002 on calyculin A-induced
contraction and MLCy phosphorylation. (A) Active tension.
The symbol * denotes statistical significance at the level of
p<0.05 compared to the calyculinA group. (B) MLCy
phosphorylation. LY294002 (LY) (100 M) was added before
the addition of calyculin A (300 nM). The active tension and
MLCy phosphorylation level at 30 min after the addition of
calyculin A are shown. The data are means = S.E. of triplicate
determinations in (A).

IV. MEFEIFICE T3 PIBK-C22 DHE

PI3K [H % 1Y294002 B OF WMN = & % [U#E, MLCy U >~ B
bz, E21285 2% & 5 2Rk E O HEREL L
EThD, TOHIBVWTINEITHREENTEELD
PRKIAEHENERA L ZRLA. PBK773IV =D )N—D
T, PISK-C2e 12458 PISK HER 120 L TIEERZM AR
F. FIT, DEFEEHFPIBKC2: #RHAL TR 0ErE
HE L7 BH7ACFET X, 92570y MEFIZT
T FREIRICIEPIBK-C20 ARBAMH SNz, E/2, 75
AIBEODPLI0x RHE SN, 8512, REMBERIZLY
MAEEIZ BT 5 PIBK-C2e REFISMHERIT LIz A, IE
SEHE AR B U R MR O T 712 38 W T PIBK-C2 ¢ D FEBARE
Do, FERIERGERAVZSEAIEEE L OB R S
Nl o7z (A7B).

V. MEFEFPISK-C2o O PIBKHEREICH T 3 EESE

ML S 5 O PISK-C2 o AR | PISK S 88 124 L TR
A RTHELERE Lz, #2T, vHFRERY » 78
S ERTAEHWVWTPIBK-C2e KU pll0a 2 RIELIEL,
i 4 OWMIED WMNIETE T CPIBKIGEM #flE L. WMN X
10 nM DEMESE A 5 pl10 « G % 90 % LA L3k L 72 (48). =
L& KRV IZ, WMN (3100 nM % TPISK-C2 o % #0fil-2¢",
1M T L TH40%, PIBK-C2eifit:a MLz, Sk
342, M FEH A O PIBK-C2 a 14 p110 ¢ (2 JLIE L T WMN {22
LTH% L &b 100 ML T 2R L7,

A
e . mw,mm<—GTP-RhO
KCl = = + 4+ = =
NA - - - - + +
LY = + - + - +
B

Fig. 6. The effects of LY294002 on KCl-and NA-induced Rho
activation and MYPT1 phosphorylation. (A) The amount of
GTP-bound RhoA. (B) MYPT1 phosphorylation. Aortic rings
were stimulated with 60 mM KC! or NA (3 xM) in the
presence and absence of LY294002 (LY) (100 xM), which
were added to the bath solution 30 minutes before KC1
stimulation.
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VI. IEFBEHPISK-C2a DKCIRU /LT KLF 1 (C

A & B iEMEL
KCl, /L7 FLF 1 dpll0a, PI3K-C2q ifit:iz BiZ+
WMRERET L0112, KCl, /L7 R+ »Thli L7k
TR ¥ THERD L I NS OPIBKEE#E » RELRL, 1€
BV TPBKFEM:ZIE L2z, BRIEWZ L 12, KCl (60

Anti-PI3K-C2a. Non-immune IgG

Fig. 7. Expression of PI3K subtypes, p110« and PI3K-C2¢« in
aortic smooth muscle. (A) Western blot analysis of PI3K
subtypes in rabbit and rat aortic smooth muscle and cultures
rat aortic smooth muscle cells. (B) Immunofluorescet staining
of PI3K-C2 ¢ in rabbit aortic wall. Rabbit aortic sections were
stained with anti-PI3K-C2 ¢ or non-immune IgG. EC and M
denote endothelial cells and medial smooth muscle layer,
respectively.

140 - P110a C2a

120
100
80
60
40

20

Pi3-Kinase relative activity (%)

Fig. 8. Different sensitivities of PI3K p110« and PISK-C2a .
The PI3K subtypes were immunoprecipitated from rabbit
aortae by immunoprecipitation using subtype-specific
antibodies, followed by in vitro PISK assay in the presence of
indicated concentarations of WMN. The data are X+ S E of
triplicate determinations. The symbols * and T denote
statistical significance at the level of p<0.05 and p<0.01,
respectively, compared to the values in the absence of WMN,

mM), /T L+ @ uM) dvsith plloe 20 L 74
(H9). TheidxBagic, KCl, AT FLF) iy
PISK-C2 o i % 1.6-1.8 F538 0 & & 7.

A
[P: anti-p110a IP: anti-C2a
- + - +
' W P3P w § <« P3P
B
IP: anti-P110c¢ IP: anti-C2a
- + - +
? ® < PI3P & @ <« P3P

Fig. 9.  Stimulation of PI3K-C2« but not p110« by KCI and
NA. (A) The effects of KCl. (B) The effects of NA. Aortic
rings were stimulated by either KCl (60 mM) or NA (3 M)
for 5 min, and PI3K subtypes were immunoprecipitated with
subtype-specific antibodies followed by in vitro PI3K activity
using [ y *P]-ATP. Autoradiographs are shown.

Scrambled siRNA

PI3K-C2a siRNA

Fig. 10. Inhibition of ionomycin-induced contraction by RNAi-
mediated down-regulation of PI3K-C2¢« in aortic smooth
muscle cells. The cells were transfected with either PI3K-C2
a -specific siRNA or scrambled RNA and analyzed for
ionomycin (1xM)-induced contraction 10 min after
administration.
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VII. RNAi|Z & % PISK-C2a ORBIMFIOIHEICRIZTRE

SIS TR L 7 BRI i A i, v aA
FITHT, AF <ALk BRI L CUURE G & TR
F. RNAiE% AW TPIBK-C2a DB E LT S &AM, N
BENED LI ICHBENL P EME LA, HI0IZRT LS
12, A9y 7 VEHIORNAARMEZ P72 72y b LIZH
BTk, 447743y (@ M) B LIRS AT E
SR HIRRERE O 25 % D). —7J5, PI3K-C2a % EH
LR RNA2ASE S PSR 722 b LAHIACIE, 1
F 24 DRI B RIS ] S .

% =

PISK 384 B dllasth & D 3 7 F MIZIEE L Tiftib s 4,
wRasaE, HNAEE), WMIBEOMNE R LR R EES .
PISK 2 {8k L L T 2= far MR C DO MBI & 77 W (2%
BETHY, FRRBR S EORBIZEB W CHHIZRIEC
M2 L#EZHENTVAEW R L Lads, mAFNHe I
D HEGE L 2o S BT B PISK @ e st i i e T AN 93 7 FL
2 & F T

ARfIECIE F 9, PISKHLEHE WMN M OFLY294002 4%, KCl
B MR O/ LT B L) PRI & » TR S L
B MLCa V) > LB B O O 2 & b 12+ 5 2 & &3
L7 (14 1-3). iﬂiiiift‘»mellflilJff)IH L‘ IS l‘lw’rﬂ AT & i,
MLCay ') > FE{LOHRHIAYZ A0 6 Bk B YL o> T8 A
BrETHHEI LIRS, «}\L, PIBKIJl»er;@L [ )
MLCuy ") > L L XL DAL T AYMLCa il 1 > g bttt b 1. <
12 MLCyo V) ¥ B8 L7 0 2 A QPR O WIS L 5O %
L, LY294002 X MLCa BBl 1) > Bl & S 2 AYMLC V) > %
CHEEICIERECERBELEVI EFAM LA (M4, 5).
WMN & MLCay J B {EBEEMLCK O HLEF L 45 2 & AY
W5 ST 557, %Iﬂlia}lﬁi;ﬁz:‘@m S Hn A R O
MLCK®™ # v 7 it Cld, A9 72 ATP I Tl WMN &
MLCK # [ L & dr o 12 (a{e ERF—¥). RS OFEFHIKCI
LT KL 2SO NUHRI#ATMLCP % 004 2 $192 & &
b, PISKIZKCI®R / LT FL 1) Y02 BT S MLCPEH
EIZBbD o THY, LY29400213 2 OMHEEMIET S Z L2 X
2 TMLCli ) L2 RS DL E2R/IELTWD

{47 T G & ¥ Rho 13 KCURL 5 WIS S AR RIS & - C
EHEIL S A, (L S 4L 7 Rho tdK 12 Rho & — B 2 i 1HAL
LT, MLCP##Il% 5. Rho %+ — 2k % MLCP @i
&, MLCPO#ith 7= v s Tdh 5 MYPT1 f U*MLCP [l
BEOCPI7TD) Y BALPEEREHNE R T EELLLTY
B, KFRIZBVTE FPIBKEIELENKCIR/ VT KL+
YIZ X BRhoifH LIZED & IZHBT L9 EREFL
LY294002 25 Rho {5 ML & i Il 2 2 L 2 R L7 (M6).
Kz, KC1®# /W7 FL+) ¥ 2 & aMYPTLY ‘/E’Mtﬁf
LY29400212 X o TED L HIZBEB S LA D TR
LY294002 ©*"MYPTL YV » B L& HIHI+2 2 L 2 R L7 (W b)
INBOERIE, KCIR/ VT FLF1) »i2X % RhoifH(kiz
PBKALETHY, OB % AL TPI3KIZMYPTL Y >
fbfE> TMLCPHIFIIZE D> TWVA I EEZRBELTNS
PI3KHEHIZKCIR / LT FLJ 1 ¥ |2 & % Rhoif (L% Bl
ETHHER, MLCPHIRINEER® L 725 L MLCo B ~ (k%
RETHEEZLNS.

M4 EFFHIZB VT, KCE S Rho & &ML 5 3%
MoHEGNE L 512, Ca¥ % A L7 Rho (LRI ET S
Y PIBKFEEHIZKCLIZ & 5 Rho i L &K+ 2 Z &0 5
Ca* % # L7z Rho iF#: LI PISK 2S5 L T\ B Z & ARIE 25
b, TEEEBWE L Gun, Gou-Ca* DR % 4L T
Rho #{fME{b 4 % 25%, PBKHEMEMBANORBEZINGT S &
EZoHNB.

PIBKIZIZWL 2 DH 7% £ THEET L. K5 THE
B WMN K UFLY294002 DEHIER A& D PISKH 75 4 7
DHEOHKRETH 20 IEAELEEMTH L. KRiFRIIBWTI
Hi B UMLCa ") > B (b D BHSE 1258 L 22 WMN & UFLY294002 @
WL, ShETOEL OFEMMEWRE LAMETHRE S
NTUVABELN LR LLI0EHBETHE, 72, K
MRl L2y 3 ERMIRICB VT, Akt (PI3K Cif (L
ENBHJE ) LB FHTELIE MLCe V) > BEIL X2 Y BTG
LAY, HERARTHRE STV 5 0 L [AS0 ino s
£ WMN THIf] S 7e GR¥EE). Shsaodidis s, WMN
B ULY294002 (23t L TSP PISK 4 7' 1 748l -1t
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EZHNA, FIT, MBFPHEMISEHULTWLPIBKY 78
A7EHRHLEESS, P d 77 ALZKTSpll0k,
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W, WMN K UFLY294002 (2 %f L T M & 434 = & AT
HATWAY, i, v E A S gk L 72 PI3K-C2
aZBMHWTIOZ ExiEB U7z (M8). &5i2, HEEwC &
12, KCI% /W7 FL F Y »E PI3K-C2 o % if1:1L L 7297,
pll0a it L AMITIHI L7z (109). Z4Lh 0dsin s,
WMN, LY294002 (2 & 5 MLCyy ") > Bk K ORI 75 ) 0 B
B9 F-1&, T4 o PIBK I o L TIRIRZ M0 PISK-C2«
THhHUREMEIEZ BT,

FZC, PISK-C2a HNWHHIZ S L TV 2B %, PIBK-C2
a BTEM L L2 RNANELZ X b BHEAIZHET L7z, PIBK-C2a 2
BT e B SRARR o) SIRNA W, SEILGEES 28 U 7o MU S A 40
ZHBWTPBK-C2a EHRDOIEHEZIHL, 14/ v1 vk
BULHT# IR L7 (M10). ZO&F S, PISK-C2q O L=
AL~ ORW G 2R LTV 5

VLo depd ey, M5 ']"Mﬁ?:lllﬁﬁ”)’l‘?f5ﬂifii£L: BUFAE LW
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Zbia,
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Abstract

Phosphoinositide 3-kinase (PI3K) is an enzyme which phosphorylates phosphoinositides (PIs) at D3 position of the
inositol ring, producing PI-3-P, PI-3,4P; and PI-3,4,5-P;. These PI3K products mediate diverse activities including cell
migration, re-organization of actin cytoskeleton, mitogenesis, cell survival and vesicular trafficking. Cloning of the catalytic
subunits of PI3-kinases led to organizing the multi-gene family into three major classes, class I, II and III, based on their
substrate specificity, sequence homology, and regulation. Most of the previous reports focused on class 1 and III. Little is
known about regulation and cellular function of class II PI3K enzymes. The role of PI3Ks in the regulation of vascular
functions is not fully understood. In order to explore the role of PI3Ks in vascular smooth muscle contraction, we examined
the effects of the PI3-kinase inhibitors wortmannin (WMN) and LY294002 on KCl-and noradrenaline-induced tension
generation, 20-kDa myosin light chain (MLCa) phosphorylation, Rho activation and myosin phosphatase inhibition. We
made the following observations: 1) WMN and LY294002 dose-dependently inhibited KCI membrane depolarization-induced
contraction and MLCy phosphorylation. Both responses were at least one order less sensitive to PI3K inhibitors compared to
previously reported effects. 2) PI3K inhibitors also inhibited noradrenaline-induced MLCy, phosphorylation and contraction.
3) LY294002 accelerated myosin light chain kinase inhibitor ML9-induced relaxation and MLCyy de-phosphorylation in KCl-
stimulated smooth muscle, implying that a PI3K inhibitor stimulates myosin phosphatase (MLCP). 4) In acorrdance with this
notion, LY294002 inhibited KC! and noradrenaline-induced small G protein Rho activation and inhibitory phosphorylation of
the myosin targeting regulatory subunit (MYPT1) of MLCP. 5) The expression of Class I PI3K pl110« and Class II PI3K-C2
a was detected in vascular smooth muscle. 6) PI3K-C2a was found to be at least one order less sensitive to WMN than pl10
a. 7) KCl and noradrenaline stimulated PI3K-C2 «, but rather inhibited p110a. 8) Finally, the selective suppression of PI3K-
C2« expression by RNAI inhibited ionomycin-induced contraction in isolated vascular smooth muscle cells. These
observations suggest that PI3K-C2« is involved in contraction through stimulating Rho which negatively regulate MLCP in
membrane depolarization-and receptor agonist-stimulated vascular smooth muscle.



