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Phorbol Ester or Diacylglycerol Modulates Somatostatin Binding to
Its Receptors on Rat Pancreatic Acinar Cell Membranes
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To clarify the precise mechanism by which unrelated peptides, cholecystokinin or
carbamylcholine, modulate the somatostatin binding, the effect of a phorbol ester, 12-0-
tetradecanoylphorbol-13-acetate (TPA) or a synthetic diacylglycerol analog, 1-oleyl-2-
acetylglycerol (OAG) on ['I-Tyr']somatostatin binding to pancreatic acinar cell mem-
branes was examined.

Pretreatment of pancreatic acini for 120 min at 37°C with 100 ng/ml TPA maximally
reduced subsequent labeled somatostatin binding to acinar membranes. The inhibitory effect
of TPA on the somatostatin binding was dependent on the dose used, or the time and tem-
perature of pretreatment. These effects of TPA were almost mimicked by the treatment of
acini with OAG. Scatchard analysis of ['**I-Tyr']somatostatin binding demonstrated that
the decrease in the labeled somatostatin binding induced by TPA or OAG pretreatment
was due to the decrease in the maximum binding capacity without a significant change in
the binding affinity.

A specifically labeled single band of the Mr=90K obtained with a photoaffinity cross-
linking study indicates that the somatostatin binding sites are the same somatostatin re-
ceptor as previously described. Moreover, the intensity of the Mr=90K band was dramati-
cally decreased when acini were treated with increasing concentrations of TPA, a finding
consistent with TPA-induced decrease in binding capacity. Such an inhibitory effect of
TPA was abolished when pretreatment of acini with TPA was performed in the presence of
Ca?" chelating compounds such as EDTA and EGTA.

Interestingly, the combined treatment of TPA and Ca’®‘ionophore A23187 caused
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synergistic inhibition of the subsequent labeled somatostatin binding to acinar membranes,
although Ca®"ionophore itself almost failed to affect the somatostatin binding,

These results suggest, therefore, that 1) TPA or OAG can modulate somatostatin
binding to its receptors on rat pancreatic acinar cell membranes, presumably through activa-
tion of Ca?™-activated, phospholipid-dependent protein kinase (protein kinase C) and 2) the
activated protein kinase C and intracellular Ca? mobilization presumably act to modulate

pancreatic acinar somatostatin receptors synergistically.

1. #

il

Fels, BEFFRE 1 %’lw 2BV, Ty b HEEERE DRSS T 5 Y = b RS F ke
cholecystokinin (CCK) J& Uf carbamylcholine (= & D it L S 72 Ca2 MK FEME O MBI NEAZIZ &
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% 0, Ti@< L 7210mM Hepes, 129mM NaCl, 0.58mM MgCl,, 1mM Na,HPO,, 4.7mM K
Cl, 1.28mM CaCl, 11.1mM glucose, essential amino acid solution, 0.5%bovine serum
albumin (fraction V) (Miles Laboratorjes, EIKhart, IN), 0.02% soybean trypsin inhibitor
(Type1-S, Sigma Chemicals Co, St. Louis, MO) %/ 7% % Hepes-buffered Ringer solut-
ion (pH7.4) ICiFME 272, ZD10ml {FHEIC, ZFEiEE D TPA (Sigma Chemicals Co., St.L
ouis, MO), OAG (HF RHEESERE 1 by 4% & ) #244),Ca? " ionophore A 23187 (Sigma
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HIALEE O T, BEIRBENEL ) Ponnapa b0 ik 12ite L, BESR" ok < TR 40 B AL 2
fERL 72, (*2°1-Tyr') somatostatin DR B~ DA KIGIE, 10mM Hepes, 120mM NaCl,
4.7mM KCIl, 5mM MgCl,, 1mM EGTA, 5mg/ml bovine serum albumin, 1mg/ml bacitr-
acin (Sigma Chemicals Co., St. Louis, MO), 0.2mg/ml soybean trypsin inhibitor # & &
WHIZ T, 24°C, 6057 T » 72, 2O, FOBEF OEEMEHBEIZ0.3mg/ml & L, (*2°]-
Tyr') somatostatin (250pM DEE %2 v 7z, HEE R UHEAE#RY <2 b 27 F > O58IE, &0k
I2TAT % v, pellet DREHEMEZ - > FL—sa> A7y F—IC THIEL 72, 85 NLT2HRD
HEHFHIEEEREICIL, Student Dt RRE # W72,
3. KREmIRimiaiEER ~0 (12°]-Tyr! ) somatostatin 3 ZEfE& D 1FHS

0.2mg/ml R R5 5  Be 0 B RS A% 5 J2 1X0.3 n M (1231-Tyr' ) somatostatin # Bjik ®»10mM Hepes
binding buffer H112 T, 24°C, 604G X7z, (*2°1-Tyr') somatostatin #&ABEIZ %, 10000
Xg, 54kl CHEULL, pellet % phosphate buffered saline (PBS) (pH7.4) 12 THtis,
PBS iz 8% 2%, E bHIZdimethyl sulfoxide |ZV&E#% L 720.1mM n - hydroxy - succinimidyl -4~
azido benzoate (HSAB) (Pierce Chemical Co. Rockford, IL) ##nL, 4Ciz T, 104 R
shg % BRETL 72, BT, BUmEILL TH S L7z pellet £#50mM dithiothreitol fFE T T, 4.6
% sodium dodecyl sulfate (SDS) # &%, 62.5mM Tris-HCl (pH6.8) H THJ & L L 72, WA
fL& LB = | 27 F > RABEH QML Laemmli 0%k 121, SDS 2 7 7&K
Fiklc TATVy, #2447 % enhancing 2 7 V) — > # vy T, kodak x-Omat AR 7 4 )L A2
HHERH Y = N AT REREEA D autoradiogram & 1372,
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Time course of ['?>*I.Tyr']somatostatin binding to pancreatic acinar mem-
branes and the effect of TPA. After acini were preincubated for 120 min in
the presence or absence of 100ng/ml TPA, the determination of labeled

somatostatin binding was carried out.
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Fig. 2. Dose dependent inhibition of ['**I-Tyr' ] somatostatin bind-
ing by TPA.
Acini were preincubated in the presence of varying concen-

trations of TPA for 120 min, and labeled somatostatin

binding to pancreatic acinar membranes was determined.
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I. TPARU OAGHILEB O RRE MBI BIERER U T2 ER Y T P REF o RECREITHR
Bz, TPARULEEOWEY = | 2 9 F > kA~ I ET % 2 83t L 72, 100ng/ml TPA % 05k
e L TCTPA2EMT 5512 720.01%dimethy]l sulfoxide D&% RN L, HiBERE NG /N8 %
12057 FEIRTARER L, Z AU BERREE L ) RS L 22 BRE 12 6h 3 2 (1251-Tyr!') somatostatin i & %
L7, TPAF!'JL—EE&U?TB{'V)% I T AEHE Y 2 P A F oA, 260 o REe
RIGiz BT, FEIEL 2, TPA HIJLiLFﬂHHLﬂﬁ'fv Sz 9 A (1281-Tyr!) somatostatin #& &

M

X, 607 HDIEAKIGIZ T, WIMD47+3% (mean+S.E., n=3) &, HEIZ (P<0.001) #ifl] 240
72 (Fig 1),

, TR OBEDTPAZRIML, 12050, MR/ INSEZ R L, BE#Y <t 25 F > Ok
n&méiﬁaﬁtf:o W b R F AL, WML 2 TPA MBI L TS 41, 100ng/
ml TPA I T RIHIIER 258072 (Fig.2), £ 512, 100ng/ml TPAGINIIC £ 2 Fij AL B e -
LIKFL TIEE Y = P 27 F AR 2 1z, $4b b, 105 R BTALE S TH) & THIHI &) 5
RBEL, 1205 MR TRKIGIE R 2 8o 72 (Fig.3), 100ng/m1 TPAZ & 5 BEIRBE /N
%V)HIJLI:@§, 15CHE&MHT, 12004T-> TL, ZOHDOBEREFHIZXT 5 (1251-Tyr!) somatos -
tatin fE A (Z X B DI7 £2% (mean£S.E., n=3) L 2 #IflS 113, TPADORHE L, BBz BT
ZIBEICLEKEL T 023,
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Fig. 3. Time course of the inhibitory effect of TPA on ['**I-Tyr']somatostatin
binding.
Acini were preincubated for 10 ~ 180 min in the presence or absence (control)
of 100 ng/ml TPA. Then, pancreatic acinar membranes were prepared and the

binding of labeled somatostatin was carried out.

Kk - | 2 7 F o L ERLROEARIGIZE L, TPA %l ERPICHEmL ThH, FaY
2 P 2 FF AT, S REEE 2T, (6o TTPAORR, BRI W TEELS 1
BB 2 AR TH D EFH 2 5L,

o RS 1 T L LR, S oM AR Cat IS (KL T 2 0
pEBE L7z, 100ng/ml TPAMRMNIC & % BTALERLZ, R 1mM EDTA%zMﬂ@“é &, Y
7&7\7% %EAT, R O80+6% (mean+ S.E., n=3) L2 & 419, TPABIREDRIZ

2 (P<0.005) (ZffEf 24172, 2512, 1mM EGTA # TPAIC X Z2ATAHICHEMT 54, T
PA ﬁukﬂmfj—,.ﬁi Vo b 2 Y F L EEAIZE 2 ARIRIE, LIRS (P<0.001) (Fig.d), LL
FookERIE, TPARIEIZ L2 Y=t 28 F  a0filiziz, Ca? 77 RHTH bHFzmL Ty
%,

iz, diacylglycerol M& B analog, OAGIZ L ZRIMLI D Y = F 28 F A~ RIT TR E
BEf L7z, TPA #7258 K [WKEID, fERDMIED OAG 2L, 1204 f, BEIRES /N3 2 Al
WUER L 7245, ZAUSMERREE/NE L DER L 2 RE RIS T 2 Y 2 P RS F oA EMETL 2, X2
I3RE vy, EICEUER Y = b 7\575“/5’ d, BTALERIC 5175 OAG I EE (SR 17 L TN
B, 50ug/ml LI bR TRARINHIR 2 B L 72,

100ng/ml TPA J 1100 ug/ml OAG (2 iéﬁljkfﬁﬂ)fﬁ, A IC N 2 = A7 F 4
{%‘*@: Scatchard Z3Hi9 2 &, A OHIHILEIZ binding capacity DA L 2 L ThHY, (K
HR : 142+20fmol /mg of protein, TPAALI I 76 +5fmol/mg of protein, OAG AWEI106+4 fm-
ol/mg of protein), Fig.5IZm¥ 4z, MERIZILLAEABMMEICIFEOIEIZ L2 -7z,
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Fig. 4.  Effect of Ca?’chelating compounds on the inhibition of

[***I-Tyr' | somatostatin binding induced by TPA.

Acini were preincubated for 120 min in the presence of

either 0.01% dimethyl sulfoxide (control), 100 ng/ml TPA,

100ng/ml TPA plus 1 mM EDTA, or 100ng/ml TPA plus

1 mM EGTA. Labeled somatostatin binding was subsequently

determined.

Statistical analysis was performed with Student-t test.
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Fig. 5.  Scatchard analysis of ['**I-Tyr']somatostatin binding to pancreatic acinar mem-

branes treated with TPA or OAG.
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Fig. 6.  Autoradiogram of somatostatin cross-linked to its receptors from con-
trol and TPA-treated pancreatic acinar membranes.
Acini were preincubated in the absence (lane 1, 4) or presence of TPA
(lane 2: 10ng/ml TPA, lane 3: 100ng/ml TPA) for 120 min. Then,
acinar membranes were prepared respectively and incubated for 60 min
with 0.3mM ['**I-Tyr' ]somatostatin in the absence (lane 1, 2, 3) or
presence (lane 4) of 1 uM cyclic somatostatin. Crosslinking was carried
out with 0.1 mM HSAB by exposing the incubation mixture to UV
light.

2. T\ PREAFrORERERICE TPADHR
SHEER T E, Sz, R e b A8 F L L EE GO ARG % ER L, autoradiogram

w87, HEHEY 2 b2 F o ORAERIL, Mr=92KDH — N> F X L TEH 51, e BRI
e U R B RS 51 B Y = b R 8 F 2 ZEKEE O THA K —H LTz,
—7, TPARIMEED BIER L 2 BAEG & v e3a, 92K s> P, ariicsi0% TPA
W S ARAE L CHIR & 4L, Jelz b7 TPA BPALEELZ & % binding capacity D kA & L (—E L T
Wit B, Mr=72K, Mr=54K » 2 27 3> Fix, 1uM cyclic somatostatin 77 T TL 86
L, IRFRIEEKAEEA L H 2 btk (Fig6),
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Fig. 7. Synergistic effect of TPA and Ca®‘ionophore on [***I-Tyr' |
somatostatin binding.
Pancreatic acini were preincubated with varying concentra-
tions of TPA in the presence or absence of 1uM Ca?*iono-
phore A23187 for 120 min, and then labeled somatostatin

binding was determined.

3. TPA XK U Ca?' ionophore BJALIE D (1251-Tyr') somatostatin f5& ~K (T T AAEAIEI DR

HRAIN Ca? BB 2 5| X423 & X415 Ca?’ ionophore A 23187 % FIMLEH medium 12 /ML T4, A&
B 18 CHEL M5 1= L Ao, 2 OBOBR Y | 25T 5 A, 1354 Y B
whrotz, LLah s, FizDRED TPAOHERT T, 1uM A 2318712 THENEI & B ALEL 4 %
L, Fig 2w 3 an <, TPA BBRERMAAELZ L L €, Z A0S BEAREE L ) (RS L 72 BRE Sk 2
(*251-Tyr') somatostatin & &-13, AHTEAY I B0 S 4072,

v, & S

SRIDHTEIZ BT, K2 IETPA & AV BB IRD & fAL § 2 &, AILEIZ 51T 2 TPA R
BE, AUALERERRE, KOOSR IR U C R BR B A B A (S B R e b 2 F o AT

sl NN

M3 sFemLz, OAGIZ L ZATMPLIC TL, [MERICEM Y = b 22 F #aamm s n, =

1L TPA KU OAG DY = b 28 F » #E G~ Dl A 12, 3£1Z binding capacity D12 L 5

LOTHDZ L, TPAKRWOAGIZ & HRALELE, [WEEZ MMM L L Ty =+ 25 F
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phorbol ester Th ) ©, OAG %, #IEL) >~ IRERBEEDRBMEN T, £BIIZCXF—r%
EELT D EEN5 9 diacylglycerol D& analog TH 5B Z &0 b, TPARUOAGDEE Y= &
5 F L HELAE 2 BRI, BHEEENLCXFEENTEILNOTHD I EVESTEEIND,

C % F— B DIEHEALIC 2, Ca?' 2 R E SAT 5 5%, FIALE medium I~ EDTA % 3113 EG
TA 2%&ML, medium o Ca?’ % ¥ L — |} L724kBET, TPA DOZHEHEI IR L2 &)
B3 TPARIMHE OE#Y = b 28 F A RITTME»FEELLE L CXF—EE2 ML L
NTHdHZEr2EFEL TS,

BUGRE T & 12, [RIBE Ca?’ ionophore HJMBTMIE T3, (*2°1-Tyr') somatostatinfg &12(313
LAYEAL RS 2z ol b 5T, TPA & OFEEFEiALER C T, FERRE M A0 B B AR & 1
%9 2 (2251-Tyr') somatostatin #5413, HHRENSING]IE N7z, FEO—EOFFRFERIC LT,
iz ONEIES 7, SEEEZMNL T, MBS RERBEEEZHHL, ZoRC X+ —
COEMAL E N Ca? BB A RIFICHEES N, ZOMEIFHEENICERTLZEICLD, ¥
MG EEIERITEINTY S 10)0 EEIZIE, TPAIC XD EHILINCXxF+—+
» Ca?" ionophore (2 & ) A4 U 72§l Ca? #EhIZ, I/ IMEA» 5Dt w b=V HRIG 6), Wi 7 K5
B b4 > 2 SRS, &5 HIRES 50T $ F—wHmREE " %, A
IR L 9 B2 EATRINT WA, fiE-T, Y=t 27 F o #aH, TPA & Ca? ionophore iZ &
DAEFBYICHIHI R D 2k 1E, SRR LD EEEE N C X — 2 LM A Ca? B E) D,
iy = b 22 F AP EBEMCHEL - 2REEZRL TV 5,

BEIZ, epidermal growth factor (EGF) " % insulin® OEEK~D#E 412, TPAH 5\ 20
AGIZE D EMALEI N CXF—Io Lo TIMHIS N D Z e WMEEN TS, TNHOWMEIZ L
g, EEIEE Nz C X+ —+iE, EGF 53 insulinZ & AR NAH T 5 serine, threonine 5k
%) VE{L L, tyrosine BBEA ML) S ERLT 5 2 X2k D, ligand DFHEERADEESBAMEZ KT
xw2r5ncvn ™ Sk 51, Eo binding affinity T ELE G2 FaHE" i
s ), AEFE2 LT LMY 2 b 27 F L #EA~D TPA H 5 iE 0AG ORI, Fi2V
< } 2 ¥ F 2 2HARD binding capacity # A E 72, & 5i2, EGF X insulin DREEFUGIZHL,
TPA b 312 OAG (X B BIN Oy TR IS E 5272 45, V= b 22 F 2 R A~OR
f1x, Al E L10F L EORE A LE L L Twb, 5T, TPAH 5t 0AG I & ) Gtk
B2 C XF—h, MV =t 27 F o 2EEREAICSH 2 5%16l3, EGF X insulinZHFHKIZEH 2
ALY IR R D A= ALICE L0 Ltk v,

SHENFEE DEBIERD L, WIZBWT, A>2) RT3 7—¥H0N, Noruklsemzs
TorEions T EHLE N C R F—tlE, —HT, FUERLES THS YT 2T F
CREARINEIL, FEEEA S S LS v ABEICEREL DBEBREWEEITREINZ LW
25,

Vb 22 Frnt, MEBERARERIEMEEE T L v o) R o DRI RENT W BHY, —FHiEH
(L2 17 C X F— i3, MBI s BRI BEL Tw 3 | ErmbiTs Y, 4E0
Foz HoR L EBRREIL, SIS N C X F—hMiaRERIER T ThE Y P AT F D
FARB AT 5 &) TR 4 L BUE S, Mo BESE G A ERE 1 B L THLBRE W,
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PA R OAG DZpRIZ, HIZZEKD binding capacity DI L5 LD Th - 72,

3) Ca?’ ionophore HAMRIMINIEH Y = | 2§ F L HEA~DRIL, TFH Th-1:45, TPAD
FIET TIE, MHERNICERY = 28 F o Ba2iEL 2,
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RRI NS LIRS, MM Ca? MENL, Y 2 20 F o #EAMMICEE L EHLEL T2
ZEMTRENT:,

T%#2 512H 721, 1-oleyl-2-acetylglycerol ##2HE L Tu 7272 72 WIE KFE SIS 1 AL
FHEEHHFRERI RS KL 5,
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