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JER 5 2 MM\ T PITE T % Ras-GTPase il & ¥ /3 7 B 10D
Do ¥ LB L)Y F=vaY) VERIKAER 72
SN 1 Ca®* A D HIE

/)

SRFFRFERS R EIRAE R MEERE (R4 | R BB E0E)
mofm B A

< ANIH/3T3HMFMB TR 7S VE = VRIBICIGELTA /¥ F— ) 1,3,4,5-I) “# [inositol 1,3,4,5-
tetrakisphosphate, Ins (1,3,4,5) P.] #¥EN 5. T RIS L TER ras THEHRIE L - NIH/3T3ME OT Mifg) T277 Y
Fo VRIS D CAAMENL, O TidCat A YL~y a Y EHET A, DTHAEAIICIns (1,3,4,5) P, xBAT A L,
TE5VEFVCHIB L 2 WVIBATH CETRADHEMATHER CE 2. &1, Ins (1,34,5) P,OFEML L CRas-GTPase G
7% % 1 [Ras-GTPase activating protein 1, GAP1] 2R &7z, KREFIEIE, GAP1A4 /¥ M — 1 14,5-=") YR (Inositol
1,4,5-trisphosphate, Ins (1,4,5) P) KEM L EEMECa AT % {, Ins (1,3,4,5) PARFERN 2 SEAGEH M Ca’ A IEDd
STVBPEIERE LA, T, GAPUIOT7 »F 1> AcDNAZ DT MlA~EA L, GAPHIOFEHE L AVEEIZ . ZOM
BMTTI V%o viERECE A Y L —2 3 B L Uns (1,3,4,5 POMIEPHEA T & 2HIfAA Ca** @ LA Ca¥ i ADHE
I L7, SROOERIE, 74237+ Y NR—ECERBFELTVETI VXV EEE B) OTHRTEAL TWAERE
EROHETRasGAP»Ins (1,34,5) P& & > /37 & LTCHNEL, SHEEEHEMMICHEEL-CE MACEbo TS LW

JTEERLTWA,

Key words Ras-GAP, non-capacitative Ca** influx, bradykinin, Ca*" oscillation, antisense DNA

TH AT 4 ) 8= ECITHE L TV EZEEE/EEEE TR
FTHEYVT ALY kO—NVEAL )Y b—V1,4,5-Z) VB
[inositol 1,4,5-trisphosphate, Ins (1,4,5) P;] # B4 $ 5. Ins
1,45 Pl £ 5124/ ¥ b=n1,3,4,500") B [inositol 1,3,4,5-
tetrakisphosphate, Ins (1,3,4,5) P,] 4 / ¥ b — L8 J VEE~
EERENAY, Ins (1,4,5) PR Ca® BT EE 4> & Ca® B
B#FI&EIL, ZOBERIC LS CIFREDHIBIMIzS
LDOCAHAEBIEFRI T2, —%, Ins (1,3,4,5) P,ACa* i
AFBIERITZ LAy Z90°, MMM, LEME®, £
LT Sl Ic B THEENTWAE., 2D L) % Ca i
AlZiE, Ins (1,3,4,5) Pi 5 Ins (1,4,5) PA~DOEEASEGET 5 L
EibNTWT, CIFMENIRE L IENBRTHD ESNT
WA FEREECE AN, ZD L) iZhs (1,345 Piith
VARV —E LTHELTYT, SEFEBENE
(ZARBIEHER) 1oL 5 CaMAZFERITHREEIZEALLR
5. LA, ZokIHkIns (1,3,4,5) PAKTFR A&
Ca'ABBIIOVTIEEFLLCEBEIN T RN,

B iE, Ras-GTPaself{: ¥ %7 # (GTPase-activating
protein, GAP) 1™ '"~™, GAPIII®, pd2™/t > ¥ v 1) r-o", &
L T GAPI™® 22 720 \n D@ Ins (1,3,4,5) PREEEL Y 0%

ERCILE1LA 26 B2AF, FRR 1243 A 14 B3

TEPRIEERT VS, TN 37 Bixins (1,34,5 P
PEHBMMICHEETA T Ly 72 2 L1 Y HFEM (pleckstrin
homology, PH) KA A ¥® ¥ HBOES 2 - VEHLT
V5. GAPIII, GAP1™, GAPI1™3pl20GAP % &> GAP &

Y%7 FEEE (GTPHA) 2 5 ANEMER (GDPHA) ~ L&t
45 GTPase iR L, ThLESTFEGY /i A
I L Tz w220 - GAPTM 3 v | o M BRI 5, GAPL™
L GAPIILIE S v b ADR»HBEES L, BEWIIEY
HEEERLZ.

HA x0T, MBABEEME —40mV L ) BomEzT 5L
CEYADWMMPERI B Z & %<7 ANIH/3T3HMIBTRL
F2O00W = gy Cat i Al Ca? ' A& RS S EEICRT S,
RO Ca kELHAPEL NIALHERELTWE, 7Y
F= v R MBS S PER 88720 Ins (1,3,4,5) PoAMBIAICE
ATABZ LI o THRZ B Ca* AL, Bl L /zras CREE
B EEIEME OTHIR) 2B THEIB L, PURET
BITIERSEREICHE > THMSNE., ZOMKRE, 777
o IR AL TRERE S D MY & AERAM Catt B A (Ca'
TV V=3 a)Eras CIRHEER L oREFEMRICE &R

Abbreviations ; FCS, fetal calf serum; GAP, GTPase activating protein; GFP, green fluorescent protein; Ins (1,4,5)
P;, inositol 1,4,5-trisphosphate; Ins (1,3,4,5) P, inositol 1,3,4,5-tetrakisphosphate; SOS, son of sevenless; Trp, transient

receptor potential
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o g Ca?* 4T DZA BN D W CRIBROFEML D rap 1 T
EEE L7 T O HE STV E™, R4 13DTHIlE:
L O NIH/3T3 #ilg o #IE43 T Ins (1,3,4,5) Pod B~ D&
BrHo THETSI L, £ L TDTHIRA GAPI" DO RNA T 5
W5 E R MERRLAY.

BT R FZE I BV T, GAPI™ XMl
i@ LTE N, GAPIMESHMIIBE & ORI 2T FEL
TWAEIEDFERENLD, Z0Z i3, GAPI™ Hflfalkk
ETHEELTWDZEETRBLTYA. £ TGAPI™T L
Cal "M BBoMELIMRFI T A LIILAE., I AW,
CGAPI™" b F TR 70— v/ E8NTWdST T ATIEES
yo—yFEhTwihol, £#2C, §TICI/0—20 7
ENTWAHBGAPL 7 7 2 ) —DHTH <V AGAPIILAE |+
GAPI™™ r HV A 2R LAZ e S (T I /BLNLT
86%), F&4 12 GAPII % GAP1™ < AMFEEET LKEL,
GAPIII & Ca** FEi M & ORI D % = 7 MM ZEMINE CHRET
L7z,

RIFZETIE, GAPIIH Ca* A S 5 & v ) EHMW A
%155 72012, DTHIBIZHAET 5 GAPL D FIE % #ifH ¥
ZEMTT ¥ FEr AETAGTHRE L.

MES L UHE

1. MREISE CE/IZTFEA

Hrk~ 7 ANIH/3T3HIE, v-ki-ras T2 B H5I0 5 NIH/3T3 MR
OT), # L CEETEADTMMIE S MRy ILHES — 75
# (Dulbecco’s modified Eagle’s medium, DMEM, Gibco,
Rockville, USA) 1210 % 4B (fetal calf serum, FCS,
Gibco) #MA37C, 10% CO,DBEETHERLAY. w2
GAPIII (U20238) @ cDNAWIF (X 7 L 7 ¥ 1696-2496) 13 =2
o 7 5 4 < — (sense: 5’CGGGATCCCGAGAAGGG
ACCCCAAGAGCATA-3’, antisense: 5-GGAATTCCATGGGT
GGAGATCTCAGACTGCTG-3") # FIF L TRT-PCRIETHEIEL
72. ZOPCREFEW L BamH] & EcoRIGIMREZTHILL,
pBluescript II KS (+) (Stratagene, La Jolla, USA) H3%® 2.9 kb
BamHI/EcoRl Wik &L ##E LT, % pBlue-GAPIII & L 72,
Z @ pBlue-GAPIII % EcoRI/Notl (7 » ¥+t » A ) »
BamH1/EcoRI (& » AVERUH) CTHIBREEFEH LR, M1ATRY
GAPII D CHE % 2 — F¥ 5L % &t cDNAW v % pcDNA3
(Invitrogen, Carlsbad, USA) i 3 ? EcoRI/Notl b L < i
BamH1/EcoRLHI[REEFE T L L7254 kbl & Eh £ IR
BELEFUI ELwb o LETHEEL, FhEht
pcDNA3GAPIIIAS (7 ¥ F+ » R), pcDNA3GAPIIS (t ~ A)
EL (®1A). Kic, INSORFEMERKEHILT L0,
700 ug/mlD Y = 77 1 ¥ (Sigma, St.Louis, USA) % & to¥f
HMCHE#EL., 10120%, toREESh oo -2 HEL
7.

. HEAGETEF LT

FY—rv7ntaky 754 (green fluorescent
protein, GFP) % NRICE L 72@ &y v 82 HE LTHRRSE
57002, ZOo0C2F A4y (12507 3 /) %K< GAPII
% 3— FLTWw5DNAWR (X1B) % BILFAFZeRT O HEJLal
Bt B L CHREKZERETEFOMFREEEFZ L V5L
Twiz iz, %1% pEGFP-C1 (Clontech, Palo Alto, USA) @
Bglll/EcoRI | IRBEREBMAIFA L 72, LSRN TFAIF

(PEGFPmV3GAPIIL A C2) i, FEFH/N— R v FLIZHEEL
TH5HDTHIIIZY RT7 227 % 3~ (Gibco) ZE > T—@EIC
EALZ., EAZO#H, Mz 7 LT A3 L—— %
L7 ESBEMEE (Carl Zeiss, CLSM-410, Esslingen,
Germany) % 3\ CIEHT L7z, GFPHEYGEIE, FHEEIE £ 488 nm
RO, REREBL —F—BIR7 4 V¥ —515nam%xFHELT
BRL, FYILMF—2ELCarCa— 7R FLA. 25
c* DT I AF v 7 EOMIHERERLZDT S L {iZDTGIIAS16
M OMNIBESE T BEOBEMEEFIR LBz,

. RNAT Oy NS TUEA €~ 3 VT

WIZTFEA, FEHADTHMD S D4 RNAREIILIAT & F#
DFEEFP L, 2RNA 15 ug) 1, 17T —A7 %
VAT IR VTHEEL, ¥—%7u—7F 40 (Bio-
Rad, New York, USA) (ZBERKBMIZEELZ., T FEYR
HETHMELZ DNAMA 2P TS v ¥ L7514 v —ikx fuv
THE#H L GAPHI 7 o—7& L7z, E/200i2, 18U KV — 4
RNA (ribosomal RNA, rRNA) »7u—7¢L LT, #J T 7L
TFFEEKL, [y-*PIATPTT, KV X/ LAFFF+—¥
RV L CHEMR L. RNAAYRA &7z, 18s rRNADE
LUl L7z, 18s rRNADRMT EN TV BIKIZ18s ) RV — 4
D7U—=7L, GAPII2SRT SN TV ARKIZGAPIIZH T2 7
O—JLFRNEFNNAT) L E—=L a r&kfTorz. BEiZ0.1
X SSCT50°C, 204, —l##E L, Fuji BAS 10004 2 —2 7
L=k (BL7 1WA, BE) IC—HERLE.

V. Ras-GTPase EENDHEE

Ras~O GTP#54A % £ U’ GTPase itk DMl id Gibbs & ¥ D
FiEZiE»> TIThb 7z, 0.5 mM Ha-Ras (Sigma) % 0.5mM [«-
#p] GTP (3000 Ci/mmol; DuPont NEN) & LiA# [100 mM Y ~
EE4EE W (pH 6.8), 0.5 mM EDTA, 0.5 mg/ml 4M1iET7 V7 3 >,
0.5 mM ¥ F+ b L4 k=) (dithiothreitol, DTT) ] ##T30C,
15 SR &7z, FEHED [« -FP] GTPE~YA 700 10
(Millipore, Bedford, USA) T3 L7z, [«-*P] GTP#E &1 Ras
3 7 37 HE450 g ODTH L < 1ZDTGIIAS-16 Mg o
I & 100 Ll OBEFRBHR TGS 7z, KIS 10 ER DK
& L7-S i (20 mM Tris [pH 8.0], 100 mM NaCl, 5 mM CaCl,,
2 mM DTT) 2z TELEsE, ZOEREPIZIZIT 20
K (Y13-259, Oncogene Science, Uniondale, USA) % ## L 727
o054 vGt 77— ALY Y (Amersham Pharmacia Biotech
AB, Uppsala, Sweden) % & A TV 7z, 4°CC405-MEHEHRA &
B, FOLI Y REGELEW AR [SHEWIZ05% /=7
v FP40 (FH T AT A AEH, W) FMAEE] T4
BB L7, LY e Xy LA F FEERET B 7201 Bl
(10 mM EDTA, 0.5% SDS) fFT70°C, 5oL 7. 20 L
prEBrsaov 7574 —H7L—FLET 1M KHPO,DKE)
Wi, 2WERIRE L7, F07 L — b % Fyji BAS 1000 4 A —
ISV —t (BLT7 4 VvA) ICEEL, GTPL GDP& % NIH 1
A= T xAVCERMISER L7,

V. #EE2A Ca*tiBE & Mn* HADRIE

1. FOERUESE

REREMLIE 5 /S — 45 A (40 X 50 mm, Nolthickness, ¥ 7 %)
Oz, AEI9 mm, HMEBmmD L) Iy Fa—7%7 mm
KHIB LT, TheflRoY ) a v EHEEITESESEHILT
BRI, BHCERSETHE, ZOdhEFCS%E &tk
i (10 % FCS/DMEM) TF/z LA, T2z 1~15X
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10% cells/mm*iZ 7% A X iz, BHERET-7-. Hilat
DMEM T1E#ZE®E L, 5 mMfura2 7t M F I AF VI AT N
(fura-2 acetoxymethyl ester, fura2AM, F{Z, ®R) 2&H:1%
FCS/DMEM |2 %5#2 L 37C, 450 CO M ¥ F aX—F —H|Z
WBL:. 79VF=2@3v 4 70ERYy MZX o TREBR
ANEEBT L. A2V =B ) vEIE Sy FEBEEL
THAMHECHBA~EA Lz, LiROFEZEI L 3M KCl %
LR REFERTY) vy VICTERWICEB L., &6
RSBV R — (LR EAR L A L T TR OBIES I8
WL, EEBAEORE Y —EILEOLDIL, LitollE:RE
HEMESTICERAMTEEIKS L, HEER (PS-41XM,
Daiwa, KI) = LCRE L. RERME T —7 (511,
HigEy 4 A7 A A ath, ®WR) SEERMS (YSIT2A,
HMgs7 4 227 4 X&) 20 L CREBERTDRET
33~35CICRE L. EREDEAN L SMWEY OHILTHED,
IhEEMLA. SHRKHEETORELE 20 5 5 HEELR
PREEA, HITEME ) YR, BHRE), AR a-7
(V-212, VC-6020, B3, HX), R ELERE (DPS-165B, Dia
Medical System, HK), ¥4 7 0~v=2¥ L — ¥ — (Leitz,
Wetzlar, Germany), FL8EF RIG-4124, HANE, D] &8
H L7z,

2. Ca& iy

BENZEAELARECOMBRCSRENEILE LU
Mn?* 5 A @B 13 fura-2 (ZASTE OB LB E ST BEMEE (IMT-2,
T 8 A) RV BIRL 166, wi L v X2 204
RV, PRIEEERY15EL LER, B0ECERBRELIT
ofe, Ca*RIEEBICZ, 7+ MU ERAWLARY MDEE
& (OSP-3, #1) »/%2) #HW/.

HB—MA O Ca? i HIE T fura2 12 & 5 2 RENE/ 1 IR
(510 nm) K% 4T o /2. HE340 nm THIE L Z2FRICRAET S
HOR AP Cat I EER NI AV IR L, 380 nm THE#IT iR
LA, CEHATMET ABICIE, 340 nom B &£ UF380 nm D
T4y —%EEEBICHREL, ZOHMHRELT 340 nm/I
380 nm) Z M L, BN Ca® g% — o 0 #EHEES S B/
L7

% 7210 ~ 20 B D HABL P Ca** i BE D21t % Argus-50/CA (AR
T4 b2 A, B CTHEMT L, H#EIL340nm & 380 nm
DT ANT—DPEENCRBRTRLEBEBLTETA I AT
(model 2400-08, ER T+ =27 R) T HWTHFZITo /2.
IO OOEIEHEE (340 nm/I 380 nm) (Zxt§ B LEE Catt
WEOELE Lz, ZOFERTICHBEREMILTS-0ICE
B w7z,

VI. BEEMEE

fura2 M2 M ToSy FIREMEE X, F— Vs
vF YT TETTo. MBIESTIZRRELTH S Ca™ ' E
7% [2 mM CaCl,, 100 mM BT FFZF LT X EZT L, 5
mM CsCl, 1 mM MgCl, 25 mM 7' )V a2 — A, 25 mM HEPES
(PH7.3), 0.1 MF M FFE I 2] THERELE. 2875 —
THWTER LSy FERE (G.1.5, ME, BE) HHAER
[150 mM CsCl, 1 mM MgCl,, 1 mM Na,ATP, 0.1 mM fura-2, 10
mM HEPES (pH 7.2)] TH&8hTBY, BHRODCEMIEZ
DEFWTHTILICL Y816 MQIZHiF Sz, filaA
Ca**ilEAT80-100 oM & %2 B & EECIRAE L7z, BHESHM
R L % L IREE T, BAEES S BEL 2 TREIT2 &,

i

COBIZET Y- VHAERENS, SHIIKFIT A & THl
AR - LD, Ml B—ERORELREEH
2% (Axoclamp 2A, Axon Instruments, Foster City, USA) % FIH
LCEBM* EE L.

3% &

I. 7>F &> XDNA%EA L /= DTHEIC B3 GAPII
REHRDE D

GAPIIL % 7 » F+t » A (pcDNA3GAPIIIAS) B L U+ ¥ %
(pcDNASGAPIIIS) HANCIEELBI MRS & —I1THlA
AATEDNA, # L THRBNRZ ¥ — (pcDNA3) %3 A L7:DTH
foFENENH 615, 5, 3EoaT=—%4FL. 2h50M
BizBWT, "PTIEH#L/ZDNATH—TEHni /) =T
Oy METGAPIIO RNASHEZFHE L7z, RNAZREDHWH
a2y ha—Jb e LT18srRNA % vy, ZTHLIZxd A M3 E Tl
EREYOLEEITo7: (K24). GAPIINOT » ¥+ ADNA%
A L7-DTHIEaA, 5, 4.2 kb GAPIIEE M AT T & It

mouse GAPII |
L lg
5' c2A c28 GRD H PH } Ia
o
EcoR| Notl ( BamH! EcoR
pcDNABGAPIIIAS PcONA3GAPIIS
eomycin eomycin
mouse GAPII
! .
|
N—Joz | Tce [ @m0 [Ty S—
| i
i 1
| 1
| |
1 ]
erp-ciaAPIAG2  N—07  GFP | A-G2-GAPIII e
251 834

Fig.1. Construction of plasmid vectors used in an antisense
strategy and a chimera of green fluorescent protein (GFP)
fused GAPIIL. (A) Mouse GAPIII is constructed with 4
modules, including C2A, C2B, GRD (GTPase related domain),
and PH (pleckstrin homology). The non-conserved C-terminal
region of mouse GAPIII was subcloned into pcDNA3
containing a neomycin resistant gene at an antisense
orientation (pcDNA3GAPIIIAS) or a sense orientation
(pcDNA3GAPIIIS). DT cells were transfected with each
plasmid, following which neomycin-resistant clones were
selected. In the clones transfected with pcDNA3GAPIIIAS,
antisense GAPIII RNA, which is transcribed under control of a
CMV (cytomegalovirus) promoter, tries to prevent
endogenous GAPIII expression. (B) Mouse GAPIII(amino
acids 251-834) excluding C2 domains was expressed as a
fusion to the N-terminus of GFP-C1GAPIII A C2.
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Fig.2. Reduced expression of the GAPIII transcripts and
GTPase activity in antisense-transfected DT cells. (A) Total
RNA prepared from DT or DTGIIIAS-16 cells was separated on
a 1% agarose-formaldehyde gel and transferred to a
membrane. The same membrane was used for hybridization
with ®*P-labeled GAPIII (upper) and 18s (lower)probes. (B)
[« *P] GTP labeled Ha-Ras was immunoprecipitated, mixed
with DT and DTGIIIAS-16 cell homogenates. GTPase assay
was stopped by adding S buffer at 0 and 2 min. Released [ «-
%P] GTP was developed on a CM-sepharose TLC in 1 M
KH,PO, for 2 hr. Ratio of GDP over GTP is plotted. Each
point shows the X from 12 cells; Bars, SE; Significantly
different from values at GDP/GTP ratio of 2 min in DTGIIIAS
16 cells, **p < 0.05.
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BLT63%+2% ®=SEM,n=3) $THA Lizro—rp—
265N, &Y ADNA (DTGIIS-2) BL U~y ¥ —
(DTDNA3) % AT A L THELN 2 O— > DGAPIIEE
EMIFERDTHEB LA LV ERLE.

TrFtr REAEHEE DTHIRIIZHT 2 Ras 1254 3
GTPase &M% [«-“P] GTPZ#HVTHELL. 7Y F L &
HARD Ras-GTPase {FikiL, MM DTHL & B L T183 %
21% (n=12)E sh7: (F2B, p<0.05). GAPIIIORNA L
NRVORP LRI 5 &, Ras-GTPase {EHEOWFII TS TE
WEEZHNA, ZTNITGAPITIESI D GAPSEE LTV A A,
3 L < i DTHME A+ @ Ras T GTPase & % R 72 1 Ras-
GTPase {FHASE/NFMEN TV AN EL HNB.

KiZ, GFP EF& &&72% 4 5 GAPII (GFP-GAPIII) % {ERL
L (H1B), Zh#fwTDTHEIZE 5 GAPII QMM 5
FEFABI LIz Lz E3AIRERS L S 12, GFP-GAPII
OEEIIHBEREICHHLEBREE L T/, DTHTI
GAPIL i3 MR E I HIET A C AR T & 7o,

WIS B TEHSRE 7 v F L AEARDOEOR
REZMEVEBE LA, DTHREFAEICIL 2 220wy
ERFEoFBERNELEL S (M3Ba). Zhiidl T,
DTGIIAS 16 TIE =F LU EoERFF L, MERMt
%L, BEONMH/3T3MI L U HELEL TV (W3B-
b). MBI L D BEELZERTIEIDTHIIEROERL -7
+—HAEFB L. —7F, DTGIIAS- 16418 TIZ 7 + —# A
BHEZEESh2h o7z, Z0L)IZDTGIIAS 16 IZEA X h
727 ¥ ¥4 v AGAPHLIE DTHI OO MMEEMI & L THE
OFEENS & b EE2HMEERE & B S THEMEIE R
b, E512, TrFbry REAKRTIIHTEEIBTRL L
7 (EREEMNE, DTGIIAS 161 © 1658M (h=2), HiER

DTGIIIAS-16
b

Fig.3. Visualization of green fluorescent protein (GFP) in DT cells and morphological comparison between DT and DTGIIIAS-16 cells.
(A) DT cells were transiently transfected with GAPIIl mutant cDNAs. At 72 hr after transfection, confocal microscopical images show two
example of expression of GFP-GAPIII A C2. (B) Phase contrast images are showing as representative single DT (a) and DTGIIIAS-16 (b)
cell.
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DTH#iME . 14.2F/H (n=2)).

I. GAPHIREORI D TS VXL BEREECa T VL —

va il RIZTER

41k, GAPII RIMHIA MO Ca™ ER Ca® "4 ¥ L
—La it ED L IBEYBLIZTHERANS. fura2 TH
MEBLThHTFMR, <7 5—HBAK, TrFtr ABAKRD
FET oML Ca’ B (60 ~ 70 nM) i, XTERD NIH/3T3#
JBOESCa B LR L Thol, 75VF=v0fEIE< A
ZUE¥Ry FTITV, 1 mlOEFERIII0MOT T FZ
%25 ul RN L CRAGREAT20 M Ic R B LD L. D
E#C—BEOMA Cat LEFTRToOMiatk TR S L
(M4d). Zhik, Ca' BFEESS O Ins (1,4,5) P KFH % Ca®”
FrkEL SN2, DIGIIAS- 16 MRS BT 5 Z ORI O
WCa LADBREMIIMOE-> DM & B L TEI2h o
7=. ZhidIns (1,4,5) PRERICHllaM Ca®” LA 2 HET 2 &
IRTIVHF =V EBEORRRTOTHICH D EFHERD
EBETFEICL > TEE SN o2 2R L TS,

—%, L -—BENC? LA Ca Ay L—var) ®
FT L) RERBIABROBEEICRRN THo 2. 2500MD
TIVX = L DEREINECHT A VL= a Y ETRTO
HHEDTHI (h=28) TEHESNL. LETO®RE" L A,
FOCHAYL—Yarid305ic5~ 10EERK L. FRD

BlK
! DT
1
1
a |
I
3
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b |
I
|
o |
[ |
oo
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l U——L
|
|
|
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d
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Fig. 4. Bradykinin-induced changes in cytosolic Ca®”
concentrations in parental NIH/3T3 cells, ras-transformed
NIH/3T3 (DT) cells, and various types of DT cells transfected
with GAPIII- related DNAs. These cells were preloaded with
fura-2AM. Fluorescence changes were measured as described
under Experimental Procedures. 25 y1 of 10 M bradykinin
(final concentration 250 nM) was added at dashed lines in a
DT cell (a), a mock-transfected cell (DTDNA3-1, b), a GAPIII-
sense transfected cell (DTGIIIS-2, c), a GAPIIl-antisense
transfected cell (DTGINAS-16, d) and an NIH/3T3 cell (e) .

&

Catt o L—avit, N7y —EAK (M4b) 1> XEX
(M40 THLHIASR, V-3 OFHEFENRY 57—
EABRTO0.166+ 0.006[F/% (n=12), &> AEABHTH
0.128 £ 0.006 |l /4> (n=12) TH 1.

ISR LT, DTGIIAS- 168 ¢l 86 E oM s ~Tics
WTT IR VBERENCa AV L - a VIFBREE LT
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Fig. 5. . Effect of various holding membrane potentials on basal
[Ca**]i and average [Ca®"]i at various membrane potentials in
wild type and GAPIll-antisense transfected DT cells under
voltage-clamp conditions. A and B, Upper traces of each set of
records show the time course of the membrane potential.
Lower traces show the fluorescence ratio for [Ca*"]i in DT (A)
or DTGIIIAS-16 (B) cells measured in the presence of
extracellular 250 nM bradykinin. (C) The [Ca’"li was
determined at a most stable point for each voltage steps (about
2 min after stepping voltage). The [Ca®"li level at various
potentials is expressed as the percent of value at + 20 mV.
[Ca®*1i in wild type and DTGIIIAS-16 cells stimulated with (@)
or without (&) 250 nM bradykinin. Each point shows the X
from 10 cells; Bars, SE; Significantly different from values at
each membrane potential in DTGIIIAS-16 cells, *p < 0.05,
**p < 0.01.
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Fig. 6. Effect of intracellular application of Ins (1,3,4,5) P, on
changes in [Ca’*]i at various holding membrane potentials in
control DT and DTGIIIAS-16 cells under voltage clamp
conditions. (A) Upper traces of each set of records indicates
the time course of the voltage. Lower, changes in [Ca**]i
were recorded in a DT (a) or a DTGIIIAS-16 (b) cell with the
patch pipettes filled with 10 M Ins (1, 3, 4, 5) P, solution. Ins
(1, 3, 4, 5) P, was loaded into cells by diffusion from the
pipettes after breaking the membrane at about 2 min from the
left of each trace. (B) The data is expressed as a percentage of
the [Ca®*]i level at + 20 mV. Ins (1,3,4,5) P, induced changes
in [Ca**]i in DT () or DTGIIIAS-16 ([J) cells. Each value
represents the mean of 5 cells. Bars, SE; Significantly different
from values at the same membrane potential in DTGIIIAS-16
cells, *p < 0.05, **p < 0.01.
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Fig. 7. Relationship between Mn** quenching and holding
membrane potential in DT cells and GAPIII or GAP1m
antisense-transfected DT cells injected with Ins (1,4,5) P, or
Ins (1,3,4,5) P.. (A) The top trace shows membrane potentials
in voltage-clamp conditions. Traces show the time course of
Mn®* quenching measured at excitation wave length of 360 nm
in arbitrary units. Ins (1,4,5) P; (2) or Ins (1,3,4,5) P, (b) were
injected into two of each DT or DTGIIIAS-16 cell at 2 min
before each trace through patch pipettes filled with solutions
containing each isomer at 10 x M. 200 xM Mn®* was
extracellulary applied to the cells at the time indicated by the
arrows (Mn**). Superimposed traces (c) are also shown. (B)
Five similar experiments for Ins (1,3,4,5) P, ((J, A) and for Ins
(1,4,5) P, (8, A) yield the membrane potential dependency
curves in DT (OJ, ®) and DTGIIIAS-16 (&, &) cells. Mn®*
quenching is represented as percentage of the value at 0 mV.
Bars, SE; The symbols indicate significant differences between
DT cells and DTGIIIAS-16 cells, *p < 0.05, **p < 0.01.
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Fig. 8. Models for bradykinin-receptor operated and Ins (1,3,4,5) Prinvolved Ca** influx in wild-type and GAP1 knockdown DT cells. ()
Extracellulary applied bradykinin stimulates B2 bradykinin receptors (B2), results in Ins (1,4,5) P; formation (InsPs). Ins (1,3,4,5) P
(InsP,) is converted from Ins (1,4,5) P, and binds to GAPIII (GAP1). On the other hand, oncogenic Ras (K-Ras) is also activated after
bradykinin stimulation, whose pathway is omitted from this scheme. Then, molecular interaction between GAP1 with Ins (1,3,4,5) P and
Ras may lead to open putative Ca** influx channels (paired open circles). This Ca*" influx is larger and maintained longer, which may
trigger Ca’* oscillations via Ca’* induced Ca®* release mechanism in wild type ras-transformed NIH/3T3 fibroblast cells. (B) In contrast,
transfection of GAPIII antisense DNA suppress expression of GAPIII (crossed out). As a consequence, in GAPIII knockdown cells (B),

Ca** influx is inhibited which fails to induce Ca®* oscillation.
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Abstract

Inositol 1,3,4,5-tetrakisphosphate (Ins (1,3,4,5) P.) is formed in mouse NIH/3T3 fibroblast cells in response to bradykinin.
Bradykinin potentiates Ca** influx when the cells are transformed by oncogenic ras, resulting in Ca’>" oscillations,
Intracellular infusion of Ins (1,3,4,5) P, reproduces this Ca’" influx potentiation. Recently, Ras-GTPase activating protein
(GAP)1 has been identified as the Ins (1,3,4,5) P, receptor. The question addressed here is whether or not GAP1 plays a role
in receptor-operated and Ins (1,3,4,5) P-dependent Ca*" entry, other than the inositol trisphosphate-sensitive capacitative Ca**
one. With antisense mouse cDNA of GAPIIIL, we transfected the ras-transformed fibroblast (DT) cells. Bradykinin was
unable to produce Ca*”" oscillations in such GAP1 knockdown cells. Furthermore, the increase in intracellular Ca*" rise and
Ca’" entry elicited by both bradykinin and Ins (1,3,4,5) P, were suppressed. These results suggest that Ras-GAPI is involved
in agonist-stimulated Ca®" entry as the Ins (1,3,4,5) P, binding protein in a signal cascade downstream of phospholipase C-
coupled bradykinin receptors.




