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ABSTRACT

Background: Activation of G-protein coupled-somatostatin receptors induces the release of calcium from
inositol 1, 4, S-trisphosphate-sensitive intracelluar stores. G-protein-coupled receptor signaling decreases with
prolonged exposure to an agonist.

Subjects and Methods: Fura-2-based digital Ca’* imaging was used to study the effects of prolonged
exposure to an agonist on the somatostatin-induced intracellular Ca™ concentration ([Ca2+]i) increases in
NG108-15 cells, which were differentiated with CO,-independent medium and 10 UM forskolin.

Results: Exposure to somatostatin (1 uM) for 30 min completely desensitized the NG108-15 cells to a second
somatostatin-induced response. The cells recovered gradually over 20 min following washout of the soma-
tostatin. The desensitization was not due to depletion of the intracellular Ca®* stores, and pretreatment for 30
min with bradykinin (100 nM), which activates phospholipase C, or DADLE (D-Ala>-D-Leu’ enkephalin, 1 uM),
which activates phospholipase C, failed to cross-desensitize the somatostatin-evoked [Ca™; increases. Treatment
with 8-cpt-cAMP (0.1 mM) for 30 min did not influence the somatostatin-induced [Ca2+]i increases. Phorbol 12,
13-dibutyrate (PdBu, 11uM) blocked the response completely. Down-regulation of PKC due to 24 h exposure
of PdBu (1 uM) inhibited the somatostatin-induced desensitization.

Conclusion: Prolonged exposure of somatostatin to NG108-15 cells desensitized the somatostatin-induced
release of Ca’* from the intracelluar store, with protein kinase C also involved in the desensitization (J Kor
Soc Endocrinol 20:353~361, 2005).
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Hol ZnkErrbd S8R 577 EARIRE 2ol
A 2 AP 22 (cloning) ¥I9IvH4]. AmkEA
EFgl2 o} ARASH v A2 G ¥k (G protein)
A G Tl (Gi)e Al Al W A E AP
ZmpEEble] FgAlell Zgkshd Al G while F3
A1A ai-425H] (subunit) 9} py-A5H9] 2 El=d] o]F 4%k
7h A o] A AR Hddsle] Alxe] Ves =4
s g 2oz A ek BAA B clEHe
ZmkE2ElRle] 285 HH ai 45HE 733te] adenylyl
cyclaseZ AL, Ca® E& (channel)E ARSI, py £
IS AX KT S2E Aol Al SR4e Ak
o7 A= Zlo] 2 1l Tl 4 fheh2, 58]
T} F ol o]dd A G whlol] 23l wilElE G
AlFo] AEe] 7152 AR ke vhlE AlZe] &
e TTHIPIE BAE des HE d7AkEe] Hagh vt
ArH9,10]. LvkEXElE] F8AE EAIE QJEA o= Wt
A AEE B2 URIeR sulrrre SgAP) 4
o) EARKE NGI08-15 AFoll Zwhesehel 4812
A= Al A2 W phospholipase C2] #4313l 2J3l inositol
1,4,5-trisphosphate (IP3) S Z7HAA AZ W Ca’ &
([Ca” )& F7HAIZITk Haslgieh11~14].

AT L o) Bl MR wFEAN} ASToE
=3 wf 2 -l 23k whgo] X on oRlE= 4
S &= (desensitization)ola]— gl dubdo® G wiwg
7 o7l =84 (G protein-coupled receptor) A|G 2] ~8-A)
ol ofh AlEALe drbdEE Ao el ek G
W ) 821 14K (phosphorylation) 7} A1521ke]
2ol Bofehs Aoz el YekIs), LohEswhel
&A= phospholipase C& 233ksto] AR 1Psol] <J2l
AZE U Ca” FES Z7HI7IE Ao Harsa 9] i
oll, phospholipase C2] 243} A] A% diacylglycerol T}
Ca™"ol| 2J3}] protein kinase C (PKC)7} ZHAske]w, o] &
A3kl PKC7} AnfEsEle] 84l o3t ca™ AeE &
WA 5ol ek

Wb B QT AR NGI08-15 Al
Ao shEsElEl S8} Bk Zew iz
[6], ©] AmtEXER] =8A17} phospholipase CE 7373
o] AIE W] Ca” FEF Z7MI7I7] wliEell[14], NG108-15
ATolA] Ca¥* AEZ Zgele] R, Znhzswele] 4]
7w A AhEorkel S8l oJg ca¥ Aol 97t
A ke AZ ekt A, of Bl A
of] wh 35 e Wl A, ok G A wiAl
T8 SAAE AldAE 2xF 272 (cross-desensit-
ization)o] Yolvh= A& WAl w3t o] 4mbEsERE]
ol SI3F B7PAel PKC7} hoforoA S sk siglek

1. 97N =

Fura-2 acetoxymethyl ester (AM)T Molecular Probes
(Eugene, OR, USA)ollA #4383, Dulbecco’s modified
Eagle’s medium (DMEM)Z} $-ello}& (fetal bovine ser-
um, FBS)< Gibco A} (Grand Island, NY, USA)°llA], bra-
dykinin, 8-(4-chlorophenylthio)-adenosine 3’: 5’-cyclicmo-
nophosphate (8-cpt-cAMP), D-Ala2-D-Leu5 enkephalin
(DADLE), phorbol 12,13-dibutyrate (PdBu), APFE2EFE]
-14, 283 o} g BE A9k Sigma A} (St. Louis, MO,
USA)ellA] 743k

2. M|ZHHE

NG108-15 A|EZ T25 ecm’® Z2}=FollA] 5% FBS, 0.1
mM sodium hypoxanthine, 0.4 pM aminopterine, 16 iM
thymidine©| 3+ DMEM 2 95% th7|2} 5% o]ikshek
4 (CONE FasPaA iz wioksllch AE Wl Ca™ 5
55 Z45] 98l ol& AIEE 25 mm 9] Uy Hel
HAwgelolsof] Fof widslel FAETlo|=2] 80%7HA]
Al FARZEE SAE AEE SeloldAds HrbskA o
2 o|AkslekA: B]2]EA] vlA] (CO,-independent medium)}
5uM forskolin® & 4~69 E<F wiokslo] E3}AZCHI).
o|FA B3zt AEe LvkELER"ol] gt HkgEel St

FvEatol coll vkt AEE 6 uM fura-2 AM= A
slod 0.5% 84 LHH] (bovine serum albumin, BSA)<
k831 HEPES <= Hank<d -8 (HEPES, 20 mM; NaCl,
137 mM; CaCl,, 1.26 mM; MgSO4, 0.4 mM; MgCl,, 0.5
mM; KCl, 5.0 mM; KH,PO,, 0.4 mM; Na,HPO,, 0.6 mM;
NaHCO;, 3.0 mM; glucose, 5.0 mM) 2.2 Al-2ofl4] 45~60
B Zol njokslo] AIE W fura2 AMo] Eol7lEE 619)
o} AvEElo|=E E5-87] flow-through <% (chamber)
ol EeEx B 2 mle] 5 & multi-port WHE A8}
o] o] &M} Aofo] Fo] Q= -GN Hiele] AR
s199tH9]. 1 pM &mlEAERElY} DADLES 90% 59k 1
2|3 100 nM bradykinin 603 53+ A|Fol| =FA|A Al
T ) Ca¥' ) B7HE IO, 1M drkEos)
€13} 1 UM DADLE, 1] 100 1M bradykining 305 %
el AEH o g w2AA supEAE}Eln} DADLE, 183l
bradykininol] &8+ Ca™* A%E &P} 24 AH
(second messenger)ol] 2J3F ZnlEAE}Elo] Ca®* A1E o] &
23 G587 YallAE 0.1 mM 8-cpt-cAMPE} 1 UM
PdBut 3087 AXJ8lsiel viAete & 1 uM PdBug 24
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AR ARl AT W PKCE the dlEalol AAZI,

AZE W Ca” wE] vRAE A9SA: fura-27} HodR
AE7} Eolde 25 =8 ¥u|7d (Nikon Eclipse TE-
300, Tokoyo, Japan)] ZHZtHol] £31 340 nm<} 380 nm
(10 nm band pass)Z A|EE- EEAA 510 nm (40 nm band
pass)ollA Wl 348 Quantix cooled CCD camera
(1305X1280 pixels binned to 261%256) (Photometrics,
Tucxan, AZ, USA)Z 19t} AEdlo| =ollA] A|EE Al
A F 7 APE wiEAS derk AE U G 5=

([Ca™"1)2] A ofeie] A& Agsl AkslATH16)].
(Ca”"1i=B(R-Rmin)/(Rmax-R)

1 AlollA R 340 nm®} 380 nm 2] Holl =% A
510 nmollA] W2 3o] nlgolw, K= fura-29] sield
& 224 nMo]al, A<E B Ca’’ {1 HEPES 955 Hank
o] 83} 5mM CaCl7} E°19)+= HEPES 2 Hank%d
SNollA] 380 nmollA EEAIZS wll 510 nmoilA] F43k
wkss gso] nlgolrtl. AFEH Ca™ FE2| calibrations
NG108-154%E fura-2 AMS AE Qo g So7le & &
¥ 527F 1 mM EGTAE 3h73k Ca’'o] §l HEPES 9%
Hank%d $oio 2 373t th2, 10 uM ionomycino] Eoi7t
1 mM EGTAZS 3H3t Ca’*o] ¢l HEPES$H: Hank$d
SaloZ AE U] Ca¥'g $2A7l & 1 mM EGTAE ¥
438} calciumo] §} HEPES £+ Hank®] £8o & I5
1] Rpns 731930k 28 5 mM CaCl, 50190 HEPES
2122 Hanksd fHo g {3 o}, 5mM CaClLI} &
10 pM ionomycin®| £o1)= HEPES £ Hank%d £-4-S
AH8810] Rnws T8F3ATH

4. AI2EM o A4 AH

=

HESEE AlEe] Aeli= 71X (baseline) el 100 nM ©]
A AE W o 2 He) AR TR, A4
7k FH3f (mean) + 5724} (standard error, SE)Z 3EA|
S5, ZhEsphol it Wgo b Ho) A%
Ul Ca" FEollA Z1xAee] AIE Ul ¥ TR %9
Ca”" TR ZrlEon FAslglon, eFEo) X9 &
= vlasly] flsiA] Fell AX|]E AvkE2ER 2FSol] o
3 AIE Ul Ca” BE S71EF (peak 2)S A WAl LwhEs
B ATl T ALE W o 5 B (eak DO
Urgks B8 FASE 7k (response amplitude = paek 2
fpeak 1NoZ YEMACLE APAHAEL -7 (non-paired
Student’s t- test) 2.2 FAsl o P 7ro] 0.05 v wj
AR frefsivkar 7hsiick

DFEAELEIO 2I8t ME Wi Ca** SE B9t

o
So| e

=
e b

Fig. 1A%} BollA] W= e} ko] 90 F<F 1 yM 4=
Exelelol] 234171 3% whEs JAFQl AE W Ca™f
E59] SV HSlth o] AwmlEZERe] o3k Al W
Ca”" TE ZT7h= AIE W) Aol AEL WIZ Ca® 9
fredoll oJsk Avtels 21 oln] Has uf Qe 14]. KA
Al % 36% (n=191)°114] 1 1M 4wkELElEl 245 A] 8F
Soideh. AmbEERe) 98t AE U] Ca¥ TEE A
A 42+ 6 nMolA AFA] HF 387 £ 34 nME F71RISA
o} ZmlEsElEle)] o8 frsls A W ca” sk St
F 2587 AmpEzERRIe] Gl S IFAIA AEE
3EA7 F o] dnfE2ElS 9 AE U] Ca¥ B R
= A Sk olul] AmbElElES FolA] veh=
WS- x5 HkS9] 85 + 4% AECh e LwlEXE}
Elof] 308 B9t &% LulEAElElo) o3k AlFEY Ca™
59 SV vehbA o8kl (Fig. 1C & D). oA &
VEAENS AGH o RS AmfESEE k3 Al &
nlEZEIRo] oJgt AE Wl Ca¥ BE ST JeERA &
= 2e gAelet gt

ZmPELAENO]] 93k AIE W) Ca” B STk gzt
o] ZmtEElEl S AAS ¥ 3 FAFIH LwkELElEel
gt AIZ W) €2 FE F7P) oAl YehRs 2 Fig. 2
oll4] Holar gt NG108-15 AlEel| 1 uM ArFEXEE
S 30 B FolA AE Ul G B M 2Rl
ZmkE2ERRe] gle Sl whe IHRAIA ERbElA
F242, 6, 10, 2027F 3 EA7] - ThA] AvkE~ElElE 90
o] dmbEsEbRle)] o3k 24 W& A &
b 3 318717l vlelslo] 28R AwkE2ERE]] 23k
1Zu) Ca®* sE9 ZUP) VRS Ho Frk.

N ok

Qb 4

1

N

ju!
N

[T

2

2. A0IEAELEID} CIE ME LY Ca™ sE 57}
F

tol MZ i Ca* SE SN 1

m IS
Mo
I
(=

Bradykinin- NG108-1541130i|4] ®lY sl (pertusis toxin)
BHREA) GEHQl GqE vli7HE phospholipase CE 2A41s}H
sfo] AIE W) Ca”* TR Z7HE A sk B3
oltH17]. WA AmkEXAEIo] 28 AIE U] Ca¥ 5% F
7} &7F2 o] bradykininoll A7|7F & A] JgkS HI=X4]
gRlsIict (Fig 3). 3087F] 1 1M &vkEZEfRlol] o3t
ebARS gkl & 6027)F 100nM bradykininel] =324
w] bradykininell 2J3F A|E W Ca™* 5= 71| @xbake
VEREA] 99kt (Fig. 3A). HENE 308#7) bradykinin &2
7S fHlRE Fof] AmlELElEle) 23k AE W Ca”
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[A:

30 min 1 mM somatostatin

Fig. 1. Prolonged exposure to somatostatin desensitizes somatostatin-induced [Ca>]; increase in NG108-15
cells. (A) Pseudocolor representations of [Ca2+]i were derived from fura-2-based digital images.
Somatostatin-induced [Ca2+]i transients were elicited by superfusion with 1 UM somatostatin for 90s
at 25 min intervals in this field. Responses from the three cells indicated by arrows in A, frame
1 are plotted in B. Somatostatin was applied as indicated by the horizontal bars. The numbers
along the plot refer to the frame numbers in A. (C) Pseudocolor images show that Somatostatin
responses were completely desensitized following a 30 min exposure to Somatostatin (1 uM).
Responses from the three cells indicated by arrows in C, frame 1 are plotted in D. Somatostatin
was applied continuously as indicated by the horizontal bar. Gaps in the recording (during which
the cells were not illuminated) are indicated by diagonal lines. The numbers along the plot refer

to the frame numbers in C

5 T7Fe] SAE R ikt (Fig. 3B).

ol2]8lt 1} ekgkzto| LmlE ~E}ElF} § o} A F
£ 714191 DADLE (D-Ala2-D-Leu5 enkephalin) A}o]
of|A] HhA¥sl=A] SISt § of A HEAlE 4t
Erpllr vPPIAR AW G whilks Zfslo] NG-
108-15 All*el|A] phospholipase CE EAd3)slo] AIE W

Ca”" FE5 Z7M7I= EAE U4#A rks,10,17].

Bradykininol|4] ZA}e} npl7 A 2 3087 AnfEXEL
9] =30l 9J3F &7H2F £ DADLES 9J3F AJE ] Ca™
= 7Vl ol ddke A1 53Tk (Fig. 4A). o]AS 1
2 304%F DADLE] =33t 3 &mkE2Elglo]] o]t A
Ul Ca” TR e e Aol E PRI

£ o (o

fH
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Fig. 2. Somatostatin-induced [Ca™]; increases displayed a
graded recovery from desensitization in NG108-15
cells. (A-D) Representative traces show recovery
from 30 min exposure to somatostatin (1 tM) follo-
wing wash periods of various duration. NG108-15
cells were washed with Hepes Hank’s buffer (A) 2,
B) 6, (C) 10, or (D) 20 min prior to a second
challenge with somatostatin (1 pM). (E) Summary
plot shows the time course of recovery from dese-
nsitization for the wash times presented in A-D. Data
are means +/- SE of at least 9 cells.

(Fig. 4B). 53 SmkE2elelol]l o3t A|E W] Ca™ F5 5
7hel SRS 3083 R Foll AIE W ALl
'S =Ygsi= bradykinino]L} DADLE®] 2J3l AIE
Ca™" EE9 Zy/pt AA- oz =]t

3. A0EAELEIN 98 M LY Ca* = =7}
0l O|Xl= 8-cpt-cAMP2} PdBu?Q| &t

A FRIEAoN 2J7t EA|2 M G whel] <
= AE ] AT eztzte)] Todsl= Aoz dEA Q)
t} [15]. E3F ZulEXElELS Az G ghRS apiE
adenylnyl cyclase2] 248 Alsto] AE W cAMP

1 min

A
1500
1000
500 2 min wash Wlkﬁ
o) o o oo

BK 60 s — .+ BKS60s
SM 30 min

M_ﬁ;% meashk ﬂ

TsmMe0s o SM90s
T eKsomm 7

ca” } (om)

ca” } o)

Fig. 3. No cross desensitization between somatostatin (SM)-
and bradykinin (BK, Gq-coupled receptor agonist)-
induced responses in NG108-15 cells. (A) Bradyk-
inin (100 nM)-evoked [Ca2+]i increases were not af-
fected by 30 min exposure to 1 UM somatostatin. (B)
Somatostatin (1 pM)-evoked responses were not affe-
cted by 30 min exposure to 100 nM bradykinin.

1 min

s

£ 600

8 300 2 min wash / )
o= —s et - — —a—e

DADLE 90 s 4 DADLE90s
SM 30 min

SM 90 s - 4 TsMuos
DADLE 30 min

Fig. 4. No cross desensitization between somatostatin (SM)-
and DADLE (8-opioid receptor agonist, Gi-coupled
receptor agonist)-induced responses. (A) DADLE (1 1
M)-evoked [Ca2+]i increases were not affected by
prolonged exposure to 1 pM somatostatin. (B) Soma-
tostatin (1 pM)-evoked responses were not affected by
30 min exposure to 1 UM DADLE.

< Y331, phospholipase C2| A& F7HAIA 1Psell 2]k
AIE W Ca™ =5 Z712} diacylglycerololl 2J3F PKCE 2
MR 5 P AL BeIA 9] izl AT W el
9] Qe ola) LrbEsEilel S8 AE W C 5
= Z7kel @3] e AE EIsick AlE W
protein kinase A (PKA)®] #A-S Z7HA)I]+= 8-cpt-cAMP
O.1mM)E 302 & AAXBS wl] swkELEl-oll
gt AEY Ca¥ BE Z7Re FoleAl awA ookt
(Fig. 5A & C). 2]t} PKCO A4S ZTH7IE 1M
PdBuE AXAsIE W AwkElElel] o3t Al o
Ca”" FE 7P} A9 JERIA gkobA] Shls] ek s
Ws199c (Fig. 5B & C).

4. PKCQ| Ck2 Yl=d|0|M0| 20EAELEIN 2]
8t MZ LH Ca® Z719| ef2=to)l O|x|= H&t

A7} phorbol esterol] X|&8 22 :=Z%]" phorbol es-
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A 1 min
1000 I
=
= 500
§ cAMP 30 min
0 SM
0s SM 0s
B
400 q
=
=
= 200
N& PdBu 30 min
O -
ws M gos SM
C
8 1004
2c T T
5y
o o *
&R
2R
4 0 " "
control cAMP PdBu

Fig. 5. Effects of cAMP and PdBu on somatostatin-induced
[Ca2+]i increase in NG108-15 cells. Cells were tre-
ated for 30min prior to and during the second
somatostatin application with (A) 0.1 mM 8-bromo-
cAMP or (B) 1 uM PdBu. (C) Histogram summari-
zes responses normalized to initial control response
for control (n=29), cAMP-treated (n=5), and PdBu-
treated cells (n=7). Data are means +/- SE. * P<
0.01 relative to control and cAMP.

terol] 2Jsl] A== PKC7} oh- dlgalo]AdElo] 1 7]
5ol glolAlE Aeg Haw9lrH18]. NG108-15 A|EES
2417k <} phorbol ester2] 3112l 1 1M PdBu7} €01 9
£ ulRlellA] wljeksle] AIE W] PKCE the- @lgalo] A
70 thS AmbEXEREO] <3 AIE Wl ¥ B S &
Zro] Ve =AE HEsl9dcl. PdBu®] 24A17F X4
Fol] ZmpEXElElo] 9% AE W Ca¥ §E 7P} vEk
wrh (Fig. 6B). PdBuS 24A17F AAX$1A] 952 A|Zel| 2]
L 30 & LmpEsERES) 23 ¥ 6Hol ZvlEsElElS o)
Al 7¥sll dmpEzElel] o)gh ©@xbato] LEREA|YE (Fig.
6A & C), PABuE 24A17F AX)2t AZEol|A= LulEXE}
glof] oJ&t A|FE Ca”" FE HHS] gkl 7] 318

OP n}i

25 4 4 Jrk(Fig. 6B & Q).
L
B Aol LukExElEle]] o3k AlE W Ca’' el 59
2 NG108-15 A|FEol|A] LulEElElo] &Aoo g ZA)et
o722 AE U Ca’* 2] F9o] YolubA] it} F exhat

o] Yofukr}. olelet Ak AvlEAENIE G ThHE 76

A 1 min
800 I
z
o400
8
= 6 min wash
0
30 min SM 90S
B
__ 800
g
& 400
©
=h 6 min wash
0
SM 30 min SM 90S
c
100 ’
3T 1
28 w -
(O]
=
5 3
xX £ 0
Untreated PdBu-treated

Fig. 6. Effects of chronic PdBu treatment on somatostatin-
induced [Ca2+]i increase in NG108-15 cells. NG108-
15 cells were grown in the presence of 1 UM PdBu
for 24h. (A) Somatostatin (1 pM)-evoked responses
were desensitized following a 30 min exposure of
somatostatin (1 UM) and a 6 min wash in untreated
cells. (B) Somatostatin-induced desensitization inhib-
ited by chronic PdBu treatment. (C) Histogram sum-
marizes responses normalized to initial control res-
ponse for untreated cells (n=36) and chronic PdBu-
treated cells (n= 5). * P <0.05 relative to untreated.

so] AT Yz AFZ A
o Lol 29 ‘ﬂi W AT AgE gl °]‘?}X—3.SLE
SUATIHE R SALHI9L H Lo Sl
A4 G WS ZRstel AIE U Ca¥' g Fheke ofA
A 1S SR 4l Ao ok <
whE2etelol] S3t Shtel A% SabAelA SlEse ot
o ok AN Sl Anele o s

ol2]gt AmpExElE] F=gAjlel] 23t AE W] Ca”t T
2] €712k phospholipase CE A 7]+= o8& 243}
322} BE7F2) (cross- desensitization)o] EAls}A] 9= 4w}
EZElEo] oJsiiaut o= 544 222 (homogenous
dolytet = G ] F GgE "R
phospholipase CE EA$HA7]:= bradykininZ} JAA G
thilS ZGstel AE Wl Ca¥ 99 @Es el
ZovkEsERE]l Aolofl= op sl 'igbEte| Ew]A] ofsk
o gk 22 A G whis sl AlE W Cat' g
Fdsh= § ok AR -84 31AIQ] DADLER} 2w}

desensitization)©
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B2l Aolol A% ol wx} ©zbAte] YofuhA] kick

t oy} olefgt AvbEEre] FEA|] At o3k
AZE Ul ca® 599 @b AlE Ul Ca”" A4
2 QI3 douh=s A= obqick ofdh A B Ay
oflA AmlEXEIELS 3087 HAX|slo] AmpEAEEO
o3k ek A7l A%, bradykinino]vt DADLES
2215132 ull bradykinin?} DADLEo!] ¢+ AIE W ca®
Eol AAAQ ZleE & ek F NG108-15 A
ol|A ZulEXElEle]] o Ca’' & frelshs, 1Psell Whest
© AIE W A dvkEcele) ofaf gktE]= 304
BQkoll Ca¥' o2 A AA Urhe A& oujzith oA
© NG108-15 AlZofA] AZ H Ca®™ AgzolA] Ca™ S 7
HalA] EUs= bradykinin #g] ¥ 25 Zof oJu] AE
W A=) wbe] AFIchs Kot ozl 2 SiNkxlE
ArH21].

G s ARsle] AIE W) AEE Adsls 8l
LAshe AE o7& QUiskeo] EAIE G Thilew
He] 7l (uncoupling) A1 0 24 FgA)2] RA|<2Ql A
E W AsAEE A 7 e Ao g#iA Slel1s].
Q7R od7]ol] A%l S kinase 5 HA1S] HEE
A ¢k ek B AglellA] AwlELERRS]] of3F AlE W
Ca’" 519 212k PKAQ] A3} A9l 8-cpt-cAMP
o] HXol] oJell UofuiA] skt AAE AwmlEXElE]l
|47 A G WS A*]A] adenylyl cyclase S JAIgk
o= HAS, 6] H AdollA 8-cpt-cAMPel| £]g PKA 2]
A3} AvbEsERRlol] o3 A% o] exbAs fHHA)
=l FofslA] 2 ol A Al Frh. z#u PKC
ZAJ3t 491 PdBuell QJ3liAlE AmkEElRo) ©J8h Al
Ul Ca”" e SlslA @A) o] PKCT) 4
nlEAELEl] o3k AlE W) Ca¥t B9 gxtaks faket
T ke Ae AlARE YMPHS & phospholipase C€]
243} A BAE 1Pl <3l AIE W) Ca® ARLolA H
2|5l Ca™ 3} o] AAH diacylglycerole] PKCE 241314
71 e Aoz 2 44 i} AR QY or LmpEs
Ele] FEA1E A7) A} AvlEsEle] 8471 U
QAo 2 ZANSH= NG108-15A|FANA] AulE~ElE] -8
2] 2487} phospholipase CE &43AIA 1P 5 A3}
™ o] IPyoll Q&fl A|E W Ca¥' & TV Aoz Ha
=|YtH12~14]. & NG108-15 AlZEol|A AnlEXElE] 8
Z|e] A= phospholipase C2] 48 ZT7IAIA AE U
Ca® & Z7MZIET olwl Z7kEl Ca¥'3} o] AW
diacyglycerolo] A U] PKCE] A48 STIAAA], &nlE
2Efel gAlel] o8t ALl IAl e F2ES U4t
SIAA AwlEXELE o] 93t Al Q] AT gdo] Yot
7| 5 ke Zlo® Azt ouldk A2 PKCE v
<+ @l AA7 ¥ AvpEzElol] o3t AlE Wl Ca”

U Go]| ERSAIE IR Agdolld] Y- 3
|7k AZEE PdBust 2 phorbol esterol] A7|7F =3
3P phorbol esterol] 2J8l] 2Ad3)=]= PKCE of% @lE3]
olAdx=le] glelAlE A& A Q18] & AglollA 24
A7k &3 PABuE AXX| 8 A4 Lvke2ElElol] o3k
AZE Ca” FE F7Rs UERIANY, AnpEXElElol] <)%t
AZE Ca® 59 gxbate] VERIA] Qi) ol F AlE
of|A] AIZ W PKC7} EAllsHA] ko u & PdBus H#1%] &}
A ¢k AlEollA veh b AwmkEElglol] o3k Al W
Ca”" 519 g@7tzto] VA ¢k Zloltk wlelA] 4w}
ExElEl g2 A7 Aol <3 AIE W) Ca* 5
o] ERtAre AwlE2ERe] 8] Aol 23l phospholi-
pase C2| BASIZ WAl AIZ Wl Ca™* F% 3719} dia-
cylglycerol 2 PKC7} EA43lE]o] AmlEXEle]l 4284 o]
S AsAt AAL QS F3l Yoluhe Zlog A7t
ek ey AEe] ofd Alsdd E4o] PKCell 93 <l
ABslEle] &gbzte] dojul=Als o & ] rElojok &
Zlojet. BEgk ofwd PKC7} B3t ofsl=A e o A+
=]ofof 3 Zo|rt.

AdHog EA3E sEFol} AL E4Ee] AW
o] vzt les AAs 24sla 9tk ol 450l 9
3 ABTEL o5 T-0] AV EAE uff SAE o7&
ARG Aol T2 E| gt alE AIA|A A
7g/&ll (homeostasis) & -FAsH= 2o deA Sick o]
23t 2471 ol S o3t Fedt A5 2 A
A7t A SEle] Aol f3ligt Belrt v As WAlshe
Zlo g Az} olHdt 2AAAlE AlETFIAE EA
she Zlo] WAL Ql=d] olZle] wke A Awe] &
ZAolel. B adollA] AwmlEEl] 8A] ASol ©J3k
AIE W Ca™" FRoNE o] AAPE 2AHE UFHek v
A LvfEsErg] 2T EAlsle A1) oiF 71A] Al
Fol|A| 53] AZBANE, HEHIAE, HETAE SollA A&
el ZmlE2EN EA Al AIE W] Ca”t 5] 2xbato]
AlFEe] A3 e 24T AoF A7l ulebA
AEH 2 ARl AvkEsElE] FEAe] FA%tE A
71 g3zo] o] FglollA] ol gk sl=A] rHEo]

o (o]
Rt =

SITHIE: G S i) -8A10) dvhesehd g4
o] A NG108-15 AIEellA] A ] 1Py MFSAY A
ol Ca & SEIAIE Ao delA gk e G
g R g Aol Sl ALSALE AR G =
A GgEle] 1 A7k Aokt Aow A Sk

MHH: 2 ATOIAE fura2 S o] §3F ALE U} o S
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— ehpEa|eks]R): A 20 A

o] YA 58S Agsle] AnpEzElRle] A7 e
Zo| LmhEsebel gAlol] o3k Ca”* AT 9] WS &
sl 5 ol kslekA: nlelEA] wiAI2t 10 uM forskolin -
2 E3A7] NG108-15 AIEE ARgsl Fgsisich

Zi0}: NG108-15 A|EE 305 59+ 1 pM &nkEXERE]
ol kZepd AmlExEElo) el fHuEl= AE W Ca™
FEo| Ut A shds] ExbAEIdcl. AmbEsElEol]
o] s egbEke snlEElElS AP bt
A A3 3lExlo] 20%0] A A2 Aeizlck o] &zt
2 AIE W) A49] Ca¥ iR Yofuls o] ol
v} w3t LulEsElEle) o3k AIE W Ca¥ FYe] ezt
< Gq& "PIZ phospholipase CE ZAZIslo] AlE W
Ca>' S EYsl= bradykinin®t AKX G hiS wi/fz A
) Ca¥' & BUsh= 6 ol A (opioid) 84 3
A9l D-Ala2-D-Leu5 enkephalinAfo]ol] o+ 2%} ebzbz)
o] $IAck. AE W] PKAS 4371 8-cpt-cAMP (0.1
mM)E 30 53t AAXE Wl LvkELEREOl] 23k
AZE Ca® FYL oM ol glolon), PKCE #4I3H
A7 1 1M PdBuE 3027+ AXX|3E 739l 4mkess
Elelol] 93 A|ZE W] Ca™ FU-2 ghds] @) o
Uolrl 24417 51t PdBu A Xl 2l A|ZE W PKCE
IS v AvpEXEREO] 98k Ca¥t Alde] egbak
A= Ak

ZE: A7IZF NG108-15 AZ7} AmfelElglol] =dx|
W ZmlEAERElo]] 93t AIE U] Ca¥' e F9 BxbaE,
o] &xFzlell PKC7} ofsl= ZloF AJ7kr.
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