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Effects of Protein Kinases on Phospholipase C Activation and
Intracellular Ca®* Mobilization Induced by Endothelin-1

Jung Hyung Cho, Hyun Jun Kim, Yun Hye Lee, Jin Hyoung Park, Youn Un Jang,
Seung June Lee, June Han Lee, Jeong Yi Yoon, Chang Jong Kim and Sang Soo Sim*

College of Pharmacy, Chung-Ang University 221, Huksuk-Dong,
Dongjak-Ku, Seoul 156-756

Abstract — To investigate the effects of protein kinases on endothelin-1-induced phospholipase C acti-
vation and Ca?* mobilization in Rat-2 fibroblast, we measured the formation of inositol phosphates and
intracellular Ca®* concentration with [*Hlinositol and Fura-2/AM, respectively. Endothelin-1 dose-depen-
dently activated phospholipase C and increased intracellular Ca®>* concentration. Protein kinase C activator,
PMA, significantly inhibited both phospholipase C activity and Ca®* mobilization induced by endothelin-1.
Tyrosine kinase inhibitor, genistein, inhibited both. On the other hand, cyclic nucleotide ((CAMP and cGMP)
did not have any influence on the signaling pathway of phospholipase C-Ca>" mobilization induced by
endothelin-1. These results suggest that protein kinase C and tyrosine kinase counteract on the signaling
pathway of phospholipase C-Ca?" mobilization induced by endothelin-1 in Rat-2 fibroblast.

Keywords [] Phospholipase C, calcium mobilization, protein kinase, cyclic nucleotide.

Endothelin-12 217]9] opvjAte @ 98 FER]
=24 tekst A2l @448z ok dasas
M3Ev} fibroblasto 4] endothelin-12- tyrosine kinase
9} protein kinase CZ E3l cfostt c-mycdt 2
& protooncogene®] WS FTMAIA AEL FA&
Qorn? HHT HEAE FE&AS £33t
phospholipase C ¥ DE E43AAH FBE FEAT
= 2dz 484 k3 o)e} 20| endothelin-1&
Yy FeT ME} fibroblastollXd of=] 714 AlEA
28 B3 A5 E AYsle] ofFSh protein kinase

FE 7o) B 2o o] AXAR
(3D 02-820-5615 (B2) 02-821-7680

52 4TI olg FAl MEM Ca*t FE
oz,

AEe ARBAGEAN} T2 o) A=
Al tokst ATAGAE Bapo] AT Ct FES
Z7WZILE A Ca®t FEQ) sk A7) uet
2 7 ez TR £ gtk AT Ct FE
£ B49) $718hs 27] @7 (initial phase)} oIF-
AEY C* w5 A3 Zastrh <y Adenct
T 5 TEE A AR HeT-4 (plateau
phase)® W= 5 itk Z7)dAlelN AEY Ca®t
ST F453% Z7Rs AEU Ca¥t Rl 8 o)%
o] x| +&=H|, o] phospholipase Cojl 2l3] WA H=
inositol-1,4,5-triphophate(IPy)$} caffein®] Yt ryanodine
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7 2 2o g3 Yotk ? HeR el Colt
FE7 4 AlEE 22 2 AEY Cat
ol gJal ojFoix=w), olefdt fd whAgt &
A3 Ca?t B2 F8A IFA CT BE 9 VAR
A2l 93k Ca?t BRE Fslo] Yoyt

ol HEY Ca®t o)F2 AT el EAIBK= o
2 7FA] protein kinaseol| 93l &gt FEZ A
¥o)|A protein kinase C= phospholipase C& 4]
AA AEU Cat fEE dod)E P A4S I
A ER AT Ca?t LS 22A719 P cyclic
nucleotide(cAMPS} ¢cGMP)= A Xu Ca®* &alst
AES Cal*e) F& JANA AEY Ca¥t =S
Z2X719,19 tyrosine kinase= ME9) Ca®te] §<
& Q3 AT Gt BESE SR By
7} 9ok g2y fibroblastoll s A s AGA) B
¥ 54 224S AR Adeelr] Ago) o]Fo)R
ow fibroblast AHAS] A FALGA ] B3 A= ¢
+ A%elct. 34 fibroblasts 922FS K=
collagenrs: A3 AL} ZAEIA] SAFE B9
£ tlsks 83 BEE 71eS B9sha ik 1
222 fibroblastoll] dohvhs AzxdAS 243
AL THsNE 4T 523 dojt) o] A=
endothelin-10] fibroblastllX] phospholipase CE %
3 AzAD AEY Ca?t o)Fo]| owel e =
o, olgd NEALHPGAN o8] 7}A] protein
kinaseZ°] ojwdt JEg v|x)= X2 BT

HEYy

AT - Fetal bovine serum, Dulbecco's modified
minimal essential medium(DMEM), endothelin-1,
phorbol-12-myristate-13-acetate(PMA), genistein,
EGTA, forskolin, sodium nitroprusside, Fura-2/AM
£ SigmaAHSt. Louis, USA)ZHE] [*Hlinositor
NENCS 27 #Jalsict.

Rat-2 MX W - Rat-2 A)¥E(rat fibroblast cell
line)= 10% fetal bovine serum $-33 DMEM
wjgbE o]8slo] 5% CO, wik]olx wieksigl o,
Ca®*, Mg?*o] 9l phosphate buffered saline &<
2} 0.05% trypsin?} 0.05% EDTAZ o]g3lo] A=)
& it

[*Hlinositol phosphates®] &% - 53] =}g

Rat-2 cellZ trypsin® 2 7PHA A2)$t & Krebs-
Ringer £9(118mM NaCl, 42mM KCl, 1.2mM
KH,PO, 18mM CaCl, 0.8mM MgSO, 20mM
Na-Hepes, pH 7.4, 5mM NaHCO,;, 10mM glucose,
0.1% bovine serum albumin)® & 23 AFst ke
Krebs-Ringer &< 4 miell AFAAIZT) 20 uCim/
[Hlinositobs 7Hst & ThA] 37°Celld] 9087t wjokat
%t 10 mM LiCle #33t Krebs-Ringer $% 0 &
33] AF F Zze] f2) tubeoll 10° MER A3}
St 32 714 protein kinase AAA BYAE 5
B3 AHX &% endothelin-18 #X|8te] 20827+
37°CollA wleksldel. 1 mie] Whg A=) d(chloro-
form : methanol : ¢-HC1=2:1: 0.01)& 713t &J7)¢
TA] 250 el chloroform¥} 250 plo FH45 7}
3t 2 ST AEER(2,000 rpm, 5)E 313
AZE9-E& Dowex AGIx8 column®] 7}8HE F&H4
10m/¢} 60mM ammonium formate/5mM sodium
borate 20m/2 A3 % [Hlinositol phosphatesS
1M ammonium formate/0.1 M formic acid 4 m/iZ
#2131 th2 PHlinositol phosphates®] HFAME-&
liquid scintillation counting®Z 73R o, v
F%& bovine serum albuming ¥F 2% dxn
BCA method®2 &74sl] AFTL 719] zjol2 BA
stem A3 A= dpm per milligram protein®
E MBI dizrell tigt % increase® 7181310}

MELW Ca® BE &3 - trypsin® =2 £2|3 Rat-2
MEZE Krebs-Ringer £ 10 m/ol] ARARZ) & 1
UM Fura-2/AM 7}ste] A 2ellx] 90%7h wjokalsicy.
Fura-2/AM©] $i+= Krebs-Ringer £ & 33] A%
% 1 mi® Krebs-Ringer Mol AEAL X718 A8
ol BystEA ARSI ¥F 578 33°ColA
PTI fluorescence spectrometer(Photon Technologies
Inc, South Brunswick, N)& o|&3le] =435
excitations> 3407} 380 nmlA emission® 510 nm
oA FAAT. R4 Ry, #2 Triton X-
100(0.05%, #%F &%)} EGTA/Tiis, pH 853 ol&
slo] AFEsl) calcium 5 GrynkiewiczS2l
HH o)) mha} Axksict.

NEEM W SAN Y - U HFtETEA
2 EASoH, 4¥YHE 7% mon-paired
Student's t test)o. & EA3lgiom P 3to) 5% w9t
o o FAHOR Fosltta 7).
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Endothelin-10{| 2|8} phospholipase C #A U
MZLH Ca®* O} — Phospholipase C 848 7Hd3
o2 2437] $sted [PHlinositots ©1-831%] pho-
spholipase Col] 9]l AJ =l inositol phosphates®]
H3le BAh Rat-2 AEZE PHlinositol2 ¥7)
3t ¥ endothelin-1& AXHA| b2 dizrolx 84

= [Hlinositol phosphates®] WAls Tt 1731t
207 dpmy/mg protein®]th. endothelin-12 F5o)l H]
#l3lo] [Hlinositol phosphates?] 48 Z7MA 7L
o}, 1nMelX] oF 383%2] Al &35 eEtH(Fig.
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ENDOTHELIN-1 (nM)

pase CZ SAFA7E Ao mFo & ®
fibroblastol 4 = endothelin-1°] phospholipase C&
BRIt RS BoFT) Fura-28 o83 Al
Y Ca®t o]Fol 0o}A endothelin-1& HX|54A] o
& <k AMIAl AEY Ca?t FEE 11610 nMOIS
t}. endothelin-19] %7} F7hgkel wet AlEW
Cat Hu% ZUlslglon 10nMelld MFEW Ca®t
FEE 626141 nM7A] F718131k(Figs. 1B & 2A).
i AMZY Ca?t Ho7t HuXo| mgshs A7k
=7t #5575 U] JERTHFg. 2B). endothelin-1
of 9J3t inositol phosphates®] 342 1nMellA] FHt

1000 —

10 nM

0.1 nM

| I I ] ]
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TIME (sec)

o

Fig. 1 —Dose-response of inositol phosphates formation to endothelin-1 (A) and intracellular Ca®" mobilization (B) in Rat-
2 cells. Results indicate mean % SD from 6 separate experiments and are expressed as percent increase compared
with control values (1731 * 207 dpmymg protein).
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Fig. 2 — Endothelin-1-induced peak values of intracellular Ca** concentration (A) and peak onset time (B) in Rat-2 cells.
Results indicate mean £ SD from 6 separate experiments.
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Fig. 3 — Effect of protein kinase C activator, PMA on endothelin-1 (1 nM)-induced inositol phosphates formation (A) and
on endothelin-1 (10 nM)-induced Ca?* mobilization (B). *P<0.05 vs. endothelin-1 alone.

o] 235 Uehfs gbd AZU Ca?t o)%o) UoiA
£ 10nMellX Hdle] 318 Rolx 9t} ol 2
g v|Fo] & u inositol phosphates?] A4z}
Ca®* o]F Alolo] @PAL gloy} $HE| 53
A= ohd R o2 AR, endothelin-12= IPy ©]
oo E T2 AZE 5319 Ca?* o}5L dosl=
ZHog FAH

Protein kinase C #4M|7} endothelin-10{ 2|t
phospholipase C &M % MZL{ Ca’* 0|S0| Ojx|
= Y& —protein kinase C &/3A|¢] PMAE endo-
thelin-19] 23} inositol phosphates® 48 23}
Al A2 (Fig. 34), MEW Ca®* olgel] Slof
A= PMAY] 557t 57185 endothelin-10] oJgt
AT Ca?*t 559 A7x)9} FehE-9) (plateau phase)
g olFE G RS PaNZTH(Fig. 3B). ol2d
A= Y& M ENA protein kinase C7} phos-
pholipase C5 A= el & XY A%
Y Ca®* olFoll gloiM 2719 Ca?t FuH= F= A
X Ca®t feloll g3l olFoixn] HeEg oA
Ca¥* =2 F7Me AZS| Ca*) Hell ) ol
oR= Ao u|Fo] B w protein kinase C= A
F} C&* fEl B o} AES CTY AU
JAleH= Aoz Algdn). TR AE 29 3
Zo M= protein kinase C7} ZAS; o)&A Ca?t

FEZE T AR Ca¥Y FUS FX¥Re B

She AEETEO olejst @S AE FF Ao]
°of 7Iald 5 glen, AT AFE Ca®te) mze

AES] Ca2*& FYAIRITHE  capacitative Ca?*
entry 7Md2 vlFo] B wji"® gz Agd Calt
o] IAFA! A9ky] wFe] MES CaftY UL U
o717 g2 RAoE gt 12y PMAE 1 uM
olA] inositol phosphates®] A4S £413] JAEIH
U AU Ca?t ool QojxE ozt oAlEiion
10 uMelA o5 o AAET. olgk o)
phospholipase C B4J7} Ca?* o]Fo) glolA PMAY
F79] x}o]= endothelin-10] Ca’* 0)5-S Yo7j=
d] $1o}4 phospholipase C ©]9j¢] B} ARE £
o] AZY Ca®t falE Qosle Aog Azbdnh
IP; o]9)e]l AXEW Ca?* #eEl8 Yov|= Aze:
AEAZoA & dEZ Ca?t-induced Ca?* release
722" Rat-2 fibroblasts]X= endothelin-10] ©]
2o A2 Fa) AT Cat /EE Yo PsA
< HAE 4 Qi

Tyrosine kinase XM|M|7} endothelin-10{ 2|8t
phospholipase C #4 I MEL{ Ca®* 0|S0] O|X|
= Y&F — endothelin-1°] tyrosine kinaseZ &/33}A|
k= Zlo] BuEch? o] AYME tyrosine
kinase JAAZ 2] AFEHE genistein®] endo-
thelin-19] ¢}3t phospholipase C &4 = A Xy
Ca?* o)Fo] mXE PIFL WL} genistein®
%o HlH5}] endothelin-12] 2J3t inositol phosp-
hates®] 443 Al OH, AEY Ca* o1BE
SJ3HAl AAISICHFigs. 4A & 4B). AlFE Ca?* o]
Fof) QoM ZI|DAY Ca?t FEE FEEH BE
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Fig. 4 — Effect of tyrosine kinase inhibitor, genistein on endothelin-1 (1 nM)-induced inositol phosphates formation (A) and
on endothelin-1 (10 nM)-induced Ca®* mobilization (B). *P<0.05 vs. endothelin-1 alone.
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Fig. 5 —Effect of adenylyl cyclase activator, forskolin on endothelin-1 (1 nM)-induced inositol phosphates formation (A)
and on endothelin-1 (10 nM)-induced Ca®* mobilization (B). *P<0.05 vs. endothelin-1 alone.
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TFE T G ZoF A4En) o] A= ¥ 3
32 A tyrosine kinase A)A|7} endothelin-19
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10| 2|8t phospholipase C &4 3 MZL| Ca’*
Ol=0f| OIXl= W&t —cyclic nucleotide(cCAMP cGMP)
7} endothelin-1°] ¢]3t phospholipase C &4 2
AZ Ca?t o]Fo] vXE JeS B3] Ystod
UlAd cyclic nucleotide® Z7}1A]7)&  forskolin
(adenylyl cyclase &/ A3} sodium nitroprusside
(nitric oxideE A3} soluble guanylyl cyclase®
YIS ARSI cAMPE 71
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Fig. 6 — Effect of guanylyl cyclase activator, sodium nitro-
prusside on endothelin-1 (1 nM)-induced inositol
phosphates formation.

sodium nitroprusside= inositol phosphate A4 Bl
AFY Ca?t o)Fo] ol JTE FA] YJrh(Fig.
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