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ABSTRACT. p130-2s(Crk-associated substrate), because of its structure as an adapter protein, can interact
when tyrosine-phosphorylated with a large number of cellular proteins and therefore be an important
modulator of downstream signals. A number of growth factors, lipids, and a few G protein-coupled receptors
can stimulate p13®s tyrosine phosphorylation. Recent studies show that tyrosine phosohorylation of
intracellular proteins by the hormone/neurotransmitter cholecystokinin (CCK) in rat pancreatic acinar
cells may be an important signaling cascade. In this study, we show in rat dispersed pancreatic acini
CCK-8 rapidly stimulates tyrosine phosphorylation of p%30reaching a maximum (6.6 1.4)-fold
increase with a half-maximal effect at 0.3 nM. Activation of protein kinase C by TPA or increases in
[Ca?*]; by the calcium ionophore A23187 stimulated p%B3@hosphorylation. Blockade of CCK increases

in [C&"]; or PKC activity did not alter CCK-8-stimulated p188phosphorylation; however, simultaneous
blockage of both cascades caused a 50% inhibition. Partial inactivatid® bgtulinumtoxin of the

small GTP-binding protein Rho caused a 41 12% decrease in the CCK-stimulated p%30
phosphorylation. Disruption of the actin cytoskeleton with cytochalasin D, but not the microtubule network
with colchicine, completely inhibited CCK-8-stimulated p£30phosphorylation. Total p138° under

basal conditions was largely localized (#02%) in the membrane fraction, and stimulation with CCK-8
induced total p13&stranslocation from the cytosolic fraction. CCK stimulation also caused-a (5-

fold increase in p13@styrosine phosphorylated in the plasma membrane. Treatment with tyrphostin B44
inhibited CCK-8-stimulated p138sphosphorylation, but it had no effect on p£3@ranslocation. CCK-8
caused rapid formation of a p188-Crk complex. In conclusion, our results demonstrate G@Ceptor
activation causes rapid tyrosine phosphorylation of §33rough PLC-dependent and -independent
mechanisms that require the participation of the small GTP-binding protein Rho and the integrity of the
actin cytoskeleton, but not the microtubule network. Moreover, ¢GKceptor activation causes
translocation of p13&*to the membrane and an increase in membrane tyrosine-phosphorylatédsp130
The translocation to the membrane does not require antecedent tyrosine phosphorylatigactivziion
promotes the rapid formation of a pI88-Crk complex. These results suggest that 38 likely an
important modulator of downstream signals activated by CCK-8, possibly involved in regulating numerous
cellular effects, such as effects on cell growth or cell shape.

Cholecystokinin (CCK) is a hormone/neurotransmitter, physiologic effects on the gallbladder and pancreas are
having far-ranging effects including acting as a physiological mediated by the CCKreceptor 2), a member of the G

regulator of gallbladder contraction, gastric emptyifhg2) protein-coupled heptahelical superfamilbO( 11).
and pancreatic secretiog, (3), as well as having effects in The cellular transduction pathways of CgKeceptor

the central nervous system (appetite regulation, anxiogenicactivation have been extensively studied in pancreatic acinar
effects, potentiation of morphine analgesia) 4—7), and cells where it has been shown to be coupled to activation of
potent growth effects both in normal tissues (pancreas) ( the phospholipase C cascade, phospholipase D, and phos-
6, 8) and in neoplastic tissues (i.e., adenocarcinomas of thepholipase A (2, 12—14). Evidence suggests coupling to these
pancreas, stomach?,(6, 9). Recent studies demonstrate its pathways is particularly important in mediating enzyme
secretion in these cell2(12—14). A few recent studies

T This work was supported in part by a Grant for Scientific Research, demonstrate that with the CGKeceptor, similar to integrins

PB94-1416-C0O2-02, from DGICYT, Spain. L.J.G. is a visiting scientist (15 16 rowth factors 17—21). bioactive lipids such as
at the Digestive Diseases Branch, NIDDK/NIH, supported by a grant (15 16), { ), P

from the Direccim General de EnSanza Superior (PR95-160 y PR95- lysophosphatidic acid and sphmgosn?@{—Z?), oncogenes
572). (16, 28), and a few other G protein-coupled receptors,
* Correspondence should be addressed to this author at NIH/NIDDK/ stimulation of tyrosine phosphorylation of various intracel-
DDB, Building 10, Room 9C-103, 10 Center Dr., MSC 1804, Bethesda, ; i ;
MD 20892-1804. Telephone: 301/496-4201. Fax: 301/402-0600. 'g‘g%ﬂf&”s fiiond "’:!SO b? ol 'mporta;t t;ansguctlonhcasc?de
* National Institute of Diabetes and Digestive and Kidney Diseases. (26, ). Activation of this cascade has been shown to

8 University of Extremadura. be important in mediating cellular motility and growthg

10.1021/bi981903w CCC: $18.00 © 1999 American Chemical Society
Published on Web 01/13/1999




1498 Biochemistry, Vol. 38, No. 5, 1999 Ferris et al.

33). Recent studies have described one such protein130 from Fluka, Ronkonkoma, NY; basal medium eagle (BME)
a cellular protein originally identified as a tyrosine-phos- amino acids and BME vitamin solution were from Gibco
phorylated substrate in p6&°¢or p47-C* transformed cells  Laboratories, Grand Island, NY; bovine serum albumin
(34, 35), as likely having a particularly important role, (BSA) fraction V was from Miles Inc., Kankakee, IL;
functioning as a molecular switch modulating downstream aprotinin, leupeptin, and 4-(2-hydroxyethyl)-1-piperazine-
signals 85—37). This role is proposed because p130 has a ethanesulfonic acid (HEPES) were from Boehringer Mann-
unique structure, containing SH3 domains and SH2 domainsheim Biochemicals, Indianapolis, IN; rabbit anti-mouse 1gG
as well as recognition sequences for SH3 domeadhs398), and anti-mouse IgGhorseradish peroxidase conjugate were
and therefore it can interact with the large number of cellular from Pierce, Rockford, IL; sodium dodecyl sulfate (SDS),
proteins known to interact with these motifs including Crk, 2-mercaptoethanol, protein assay dye reagent, Tris/glycine/
Src, Abl, Nck, p1258%, and protein tyrosine phosphatase- SDS buffer (10 times concentrated), and Tris/glycine buffer
1B (36—40). Recent studies provide evidence that integrins, (10 times concentrated) were from BIO-RAD, Richmond,
oncogenes, some growth factors, and a few G protein-coupledCA; Hyperfiim ECL and enhanced chemiluminescence
receptors can stimulate tyrosine phosphorylation of 3380 detection reagents were from Amersham, Arlington Heights,
(22, 41—44). It is unknown whether tyrosine phosphorylation IL; and nitrocellulose membrane was from Schleicher &
of p13G-@occurs with CCK receptor activation or, if it does  Schuell, Keene, NH.

occur, whether it is coupled to activation of either limb of

the phospholipase C cascade, as seen with some growthvethods

factors, bioactive lipids, or G protein-coupled receptdid,(

but not with othersZ2, 23, 44). Furthermore, p138s similar Tissue PreparationDispersed rat pancreatic acini were
to pl25AK and paxillin, are all components of focal Prepared according to the modificatiors) of the procedure
adhesions36, 45, 46), and recent studies show that tyrosine Published previously §9). Unless otherwise stated, the
phosphorylation of these proteins can involve participation Standard incubation solution contained (mM): HEPES (25.5)
of the small GTP-binding protein, Rh@7, 31, 47), and the ~ [PH 7.4]; NaCl (98); KCI (6); NaHPQO, (2.5); sodium
actin cytoskeleton1, 16, 25—27, 47, 48). Tyrosine phos-  Pyruvate (5); sodium fumarate (5); sodium glutamate (5);
phorylation of p1382by growth factors and integrins can  glucose (11.5); Cal(0.5); MgCh (1); glutamine (2);
result in the formation of a complex of the p3ewith the ~ albumin 1% (w/v); trypsin inhibitor 1% (w/v); vitamin
important adaptor protein c-Cri22, 39, 41, 49, 50). Crk mixture 1% (v/v); and amino acid mixture 1% (w/v). The
activation has been shown to result in coupling to a number incubation solution was equilibrated with 100%, @nd all

of guanine nucleotide exchange factors which in turn can incubations were performed with 100% @s the gas phase.
activate a number of transduction cascadek-67). It is Immunoprecipitationlmmunoprecipitation was performed
unknown whether similar intracellular processes might be as described previouslg2®, 31). Briefly, dispersed acini from
involved if CCK, receptor activation stimulates tyrosine one rat were preincubated with standard incubation solution
phosphorylation of p138s In the present study, the effect without or with different inhibitors fo3 h at 37°C. Aliquots

of CCK on each of these transduction processes was(l mL) were then incubated at 3T with agonists at the
investigated by studying the intracellular changes in these concentrations and times indicated. Acini were then separated
cascades caused by CgKeceptor activation in dispersed by centrifugation, washed with phosphate-buffered saline
pancreatic acinar cells, one of its main physiological sites with 0.2 mM NaVO, at 4°C, centrifuged and sonicated for

of action @). 5 s at 4°C in 1 mL of Lysis Buffer, which contained 50
mM Tris/HCI, pH 7.5, 150 mM NacCl, 1% Triton X-100,
MATERIALS AND METHODS 1% deoxycholate, 0.1% (w/v) NaNL mM EGTA, 0.4 mM
. EDTA, 2.5 ug/mL aprotinin, 2.5ug/mL leupeptin, 1 mM
Materials PMSF and 0.2 mM N&/O,. Lysates were centrifuged at

Male Sprague-Dawley rats (15@00 g) were obtained 15,000 g for 15 min. For tyrosine phosphorylation determi-
from the Small Animals Section, Veterinary Resources hation lysates (50@g/mL) were incubated with 4g of anti-
Branch, NIH, Bethesda, MD; purified collagenase (type Phosphotyrosine monoclonal antibody (PY20)giof anti-
CLSPA) was from Worthington Biochemicals, Freehold, NJ; p130-%mAb, 4 ug of anti-p1254< mAb or 4 ug of anti-
COOH-terminal octapeptide of cholecystokinin (CCK-8) was paxillin mAb and 4ug of rabbit anti-mouse 19G and 30
obtained from Peninsula Laboratories, Belmont, CA; phos- Of protein A-agarose overnight at®€. For co-immunopre-
phate-buffered saline (PBS), pH 7.4, was from Biofluids, Cipitation studies, lysates (4Qdy) were incubated with 4
Rockville, MD; anti-p130-Crk-associated substrate (5230 g of anti-Crk mAb fa 1 h at 4°C. The immune complexes
monoclonal antibody (mAb), anti-p125 focal adhesion kinase Were incubated with 3@L of protein A-agarose fol h at
(p125AK) mAb, anti-paxillin mAb, anti-Crk mAb, and anti- 4 °C. The immunoprecipitates were washed three times with
phosphotyrosine mAb (PY20) were from Transduction PBS and further analyzed by SDS-polyacrylamide gel
Laboratories, Lexington, KY; recombinant protein-Aga-  €lectrophoresis (PAGE) and Western blotting.
rose was from Upstate Biotechnology Inc., Lake Placid, NY;  Subcellular FractionationAcinar cell fractionation was
GF109203X, Thapsigargin, 1@-tetradecanoylphorbol 13-  carried out according to the procedure published previously
acetate (TPA)Clostridium botulinumC3 transferase (C3  (60) with minor modifications. Briefly, acinar cells were
transferase), and deoxycholic acid were from Calbiochem, separated by centrifugation, washed with phosphate-buffered
La Jolla, CA; soybean trypsin inhibitor (SBTI), dimethyl saline with 0.2 mM Ng/O, at 4 °C, centrifuged, and
sulfoxide (DMSO), and Triton X-100 were from Sigma, St. resuspended in 1 mL of lysis buffer without Triton X-100
Louis, MO; phenylmethanesulfonyl fluoride (PMSF) was or deoxycholate and homogenized with the use of a Polytron
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homogenizer (Brinkmann Instruments, Westburg, NY) for A. WB: aPTyr

20 s at power level 6 at 2C. Homogenates were centrifuged IP: P: e P P

first at 50@ for 10 min at 4°C to remove nuclei, debris, —oPTyr_ap130% apf25 7 apaxilin

and fat and then for 30 min at 10009@at 4 °C to obtain 1273 4°5 67 8 .
membrane and cytosol fractions. Membranes were washed kDa . . £ =<p13° -
with phosphate-buffered saline with 0.2 mM N®, at 4

°C, resuspended in 1 mL of lysis buffer, and sonicated for % -8
5 s at 4°C. Lysates were centrifuged at 15@0@r 15 min - . - - ~paxillin
to remove insoluble substances. Protein concentration was 64 -

measured by the Bio-Rad protein assay reagent.

Western Blotting Western blotting was performed as B. WB: ap130°
described previously20, 31). Briefly, anti-phosphotyrosine s 1 |
immunoprecipitates or subcellular fractions gicpof protein/
well) were fractionated by SDSPAGE. Proteins with
molecular masses higher than 60 kDa were transferred toC. WB: ap12
nitrocellulose membranes. Membranes were blocked over- o g
night at 4°C using blotto [5% nonfat dried milk in a solution
containing 50 mM Tris/HCI, pH 8.0, 2 mM Ca£ 180 mM
NaCl, 0.05% (v/v) Tween 20, 0.02% Nghand incubated ~ D- WB: apaxillin

5FAK

for 2 h at 25°C with 0.25ug/mL anti-p13G3 mAb, with

0.25ug/mL anti-Crk mAb, or with anti-p128¥ mAb, anti- ' . -
paxillin mAb, or anti-phosphotyrosine mAb as described COK8 | = 4 = 4, - 4+, - 4,
previously @9, 31). After incubation with the primary 1 2 3 4 5 6 7 8

ant|body,_ membrar_les were njcubated with anti-mouse19G  p e 1. cCK-8 stimulation of p130% p125AK, and paxillin
horseradish Pe"O)_('dase conjugate and developed with en-yrosine phosphorylation in rat pancreatic acinar cells. Rat pancreatic
hanced chemiluminescence detection reagents (ECL) for 60acinar cells were treated for 2.5 min with no additions (lanes 1, 3,

s and exposed to Hyperfilm ECL. The densities of bands on 5, and 7) or with 10 nM CCK-8 (lanes 2, 4, 6, and 8) and then

] : : ; lysed. Whole cell lysates were immunoprecipitated (IP) with anti-
the film were measured using a scanning den5|tometerphosphotyrosine mAboPTyr, lanes 1 and 2), anti-p138 mAb

(Molecular Dynamics, Sunnyvale, CA). (op130-2s lanes 3 and 4), anti-p128¢ mAb (apl254K, lanes 5
Assessment of Changes in Cytosolic Calcium {Gh and 6), or anti-paxillin mAb ¢paxillin, lanes 7 and 8). Immuno-

Levels To determine changes in [&3 after preincubation g;‘ifipgf‘;ei(‘)"t’errgsﬁ]”ea'ﬁ:g ?ya\:]veﬁsgrPnTbIrc))ttif?r?ti(\,\{l%)ggjm%gither
in a (_:aIC|L_Jn_1-free medium Wlth 1M thap3|garg|_n, pan- (pa_ngl B.lr;pl\%/():aa’ ami_plzf?AK_mAb (pgnél (_Z_,aBlZBZAK), or
creatic acini were loaded with 2M fura-2/AM during the anti-paxillin mAb (panel Dapaxillin). The positions of p138s
preincubation as described previoushl); Pancreatic acini  p1254K, and paxillin are indicated in the right upper panel.
were then washed 3 times in Na-Hepes medium. For Positions of molecula_r mass markers are shown inytla_texis on
measurement of [C4];, 2 mL of acinar cells was placed in the left. The autoradiograms shown are representative of three
quartz cuvettes in a Delta PTI scan and spectrometer (PT|'NdePendent experiments in duplicate.

Instruments, Gaithersburg, MD), and values for{Gawvere
calculated as described previousBi(62) using a dissocia-
tion constant for the [Ca],—fura-2 complex of 224 nM.

with anti-phosphotyrosine mAb (Figure 1, panel A, lanes 3
and 4). Immunoprecipitation with anti-p13®mAb followed
by Western blotting with the same antibody showed that the
RESULTS recovery of p136® from cell lysates was not altered by
treatment with CCK-8 (Figure 1, panel B, lanes 3 and 4).
Kinetics and Dose-Dependence of the Ability of CCK-8 Moreover, the p138° mAb specifically identified p136*
To Stimulate Tyrosine Phosphorylation of p$30n Rat because when the acinar lysates were immunoprecipitated
Pancreatic Acini Pancreatic acinar cells were treated with With anti-p13G**mAb and developed with anti-p12% mAb
10 nM CCK-8 for 2.5 min, a concentration and time that (Figure 1, panel C, lanes 3 and 4) or anti-paxillin mAb
cause a maximal stimulation of tyrosine phosphorylatz®) ( (Figure 1, panel D, lanes 3 and 4) only the p33@rotein
31), and lysed. Parallel lysates were immunoprecipitated with was seen. Conversely, the pf26and paxillin mAbs did
anti-tyrosine phosphorylated mAb, anti-p£30mAb, anti- not interact with the p13®s because when lysates were
p125AK mAb, or anti-paxillin mAb and analyzed by Western immunoprecipitated with anti-p128 mAb or anti-paxillin
blotting with the same antibodies (Figure 1). CCK-8 caused MAb and developed with anti-p138mAb (Figure 1, panel
an increase in the tyrosine phosphorylation of at least threeB, lanes 5-8) or anti-phosphotyrosine mAb (Figure 1, panel
phosphotyrosine-containing bands above molecular mass ofA, lanes 5-8) no p1392protein band was seen.
60 kDa, which was the range examined in the present study CCK-8 (10 nM) caused rapid tyrosine phosphorylation of
(Figure 1, panel A, lanes 1 and 2). When the lysates were p13G-2s(Figure 2, left panel). Tyrosine phosphorylation after
immunoprecipitated with anti-phosphotyrosine mAb and addition of the peptide reached a maximum within 1 min
analyzed by Western blotting with p139mAb (Figure 1, with a (6.6 & 1.4)-fold increase (Figure 2, left panel). At
panel B, lanes 1 and 2), it was evident that CCK-8 causes alater times, the tyrosine phosphorylation of p¥3decreased
marked increase in the tyrosine phosphorylation of §830 such that it was only 17.5% 4.5% of maximum stimulation
which was also demonstrated when the acinar lysates were(i.e., at 1 min) 40 min after CCK-8 addition (Figure 2, left
firstimmunoprecipitated with anti-p18&and then analyzed  panel). The effect of CCK-8 on p18®tyrosine phospho-
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Ficure 2: Time course (left panel) and concentration dependence (right panel) of CCK-8 stimulation &¥yr88ine phosphorylation

in rat pancreatic acinar cells. Rat pancreatic acinar cells were treated with the indicated concentrations of CCK-8 at the indicated times and
then lysed. Whole cell lysates were immunoprecipitated with anti-phosphotyrosine mAb (PY20). Immunoprecipitates were analyzed by
SDS-PAGE followed by transfer of proteins of molecular mas80 kDa to nitrocellulose membrane and Western blotting using anti-
pl13¢@ mAb as described under Methods. Bands were visualized using ECL, and quantification of phosphorylation was performed by
scanning densitometry. Left panel: The upper panel shows results from a representative experiment with CCK-8 (10 nM) at the indicated
times. These results are representative of three others performed in duplicate. The values shown in the bottom panel-d8& Medn

four independent experiments and are expressed as fold increase over the pretreatment level (experimental/control). Right panel: Rat pancreatic
acinar cells were incubated for 2.5 min with the indicated concentrations of CCK-8. The upper panel shd#&yb3the phosphorylation

results from a representative experiment with no additions or with various concentrations of CCK-8. These results are representative of
three others performed in duplicate. The bottom panel shows the quantification G®ty/8asine phosphorylation. Values are the means

+ SEM (h = 6) expressed as the percentage of maximal increase caused by 10 nM CCK-8 above control unstimulated values. In these
experiments, 10 nM CCK-8 caused an483)-fold increase over the unstimulated control value.

rylation was concentration-dependent (Figure 2, right panel). tyrosine phosphorylation after simultaneous stimulation with
CCK-8 caused a detectable increase at 1 pM, half-maximalboth TPA (1uM) and A23187 (uM) was not significantly
effect at 0.3 nM, and maximal effect at 10 nM for p£30 different from the increase obtain with TPA (M) alone
tyrosine phosphorylation (Figure 2, right panel). (103 + 20% vs 100%, respectively) (Figure 4, top panel,
Role of CCKInduced Changes in [C4]; or PKC Activa- lanes 2 and 5, and bottom panel). Moreover, simultaneous
tion in Mediating CCK-Stimulated Increases in p30  stimulation of pl1362 tyrosine phosphorylation with a
Tyrosine Phosphorylationin addition to increasing the  submaximal concentration of TPA (3 nM) and A23187 (1
production of inositol phosphate, activation of phospholipase «M) did not result in an increase greater than that seen by
C by CCK-8 promotes the hydrolysis of phosphatidylinositol either TPA (3 nM) alone or A23187 (M) alone (Figure
4,5-bisphosphate, leading to production of diacylglycerol, 4, top panel, lanes 3, 4, and 6).
which in turn activates protein kinase C (PKQ)?2|. We To determine whether PKC activation might be involved
next studied whether CCK-8's activation of one or both of in mediating the CCK-8-stimulated changes in p380
these second messengers was needed for its ability to causgrosine phosphorylation, we examined the effect of a protein
tyrosine phosphorylation of p13® To determine whether  kinase C inhibitor, GF109203X6@). Previously, we have
direct activation of PKC increased the tyrosine phosphoryl- shown that pretreatment of pancreatic acinar cells witivi
ation of p1302s pancreatic acinar cells were treated with GF109203X fo 2 h caused complete inhibition of tyrosine
the phorbol ester TPA. TPA (kM) stimulated a rapid phosphorylation induced by activation of PKC with TPA
increase in p13Bstyrosine phosphorylation which reached (31). Pretreatment of pancreatic acinar cells with GF109203X
a maximum at 5 min with a (2.6 0.6)-fold increase, and (5 uM) for 2 h did not inhibit tyrosine phosphorylation of
was maintained for at least 20 min (Figure 3). To determine p130¢°2 by 10 nM CCK-8 (Figure 5, top right panel, lane
whether increased cytosolic calcium either alone or in 6). To examined the effect of changes in {aalone or in
combination with activation of PKC could alter the tyrosine combination with PKC activation in mediating the CCK-8
kinase pathway, we compared the ability of the calcium stimulation of p1362 tyrosine phosphorylation, the effect
ionophore A23187 to cause pX3&tyrosine phosphorylation  of thapsigargin, an agent that specifically inhibits the
in pancreatic acinar cells when present alone or with TPA endoplasmic reticulum C&ATPase and thereby depletes
(Figure 4). The calcium ionophore A23187 4M) caused C&" from intracellular compartment${), was examined
only a (0.7+ 0.3)-fold increase in p13®°tyrosine phos- alone or with the PKC inhibitor GF109203X present (Figure
phorylation, which was 5& 7% of that caused by TPA (1  5). Treatment with 1M thapsigargin fo 1 h in acalcium-
uM) (Figure 4, top panel, lane 4). The increase in gE30 free medium (with EGTA, 5 mM), alone or in combination
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Ficure 3: Time course of the ability of the phorbol ester TPA to
stimulate p13@3styrosine phosphorylation in rat pancreatic acinar
cells. Rat pancreatic acinar cells were treated witVL TPA at
the indicated times and then lysed. p¥&@yrosine phosphorylation

was determined by immunoprecipitation and Western blotting as Ficure 4: Effect of the calcium ionophore A23187, alone or in

described in the Figure 2 legend. The top panel shows 130

combination with the phorbol ester TPA, on stimulation of p3&30

tyrosine phosphorylation results from a representative experimenttyrosine phosphorylation in rat pancreatic acinar cells. Pancreatic
with TPA (1 uM) at the indicated times. These results are acinar cells were treated with the indicated agents for 2.5 min, and
representative of three others performed in duplicate. The bottom p13¢Fastyrosine phosphorylation was determined as described in

panel shows the quantification of pX3B6tyrosine phosphorylation.
Values are the meattr SEM (n = 4) expressed as fold increase

over the pretreatment level (experimental/control). In these experi-

ments, maximal stimulation seen at 20 min was a {2.8.8)-fold
increase over the unstimulated control value.

with GF109203X, inhibited completely the increase inga
induced by subsequently added CCK3&)((Figure 5, left
panel). Pretreatment with thapsigargin in a calcium-free
medium had no effect on the increase in p&3@yrosine
phosphorylation caused by CCK-8 (10 nM) (Figure 5, top
right panel, lane 6). However, the combination of GF109203X

the Figure 2 legend. Results shown in the top panel are from a
typical experiment representative of three others performed in
duplicate. In the bottom panel are the meahsSEM of four
experiments expressed as the percentage of the maximal increase
of p1l3@-astyrosine phosphorylation caused by TPA above
control. In these experiments M TPA caused a (2.5 1)-fold
increase over the unstimulated control value. Numbers at the top
of the upper panel are the lane numbers.

pancreatic acini 32, 65) to enter the cell and to ADP-
ribosylate Rho which results in its inactivatioB1( 65).
Pretreatment with 2Bg/mL C3 transferase f@ h decreased

and thapsigargin decreased CCK-8-stimulated tyrosine phos-CCK-8-stimulated p13&* tyrosine phosphorylation by 41

phorylation of p1362shy 53.54 2.5% (Figure 5, top right
panel, lane 8, and last bottom right panel). Finally, neither

pretreatment with GF109203X or thapsigargin nor pretreat-

ment with the combination of both significantly modified
pl13¢asbasal tyrosine phosphorylation in unstimulated acinar
cells (Figure 5, top right panel, lanes-2).

Role of Actiation of p21h° in CCK-Stimulated Tyrosine
Phosphorylation of p138s Previous studies3(, 64) show
that activation of p21° (Rho), a small GTP-binding protein,
is involved in the tyrosine phosphorylation of a number of
intracellular proteins. Moreover, recent studiel, (32)
demonstrated that the ability of CCK to cause tyrosine
phosphorylation of p12%¥ and paxillin in pancreatic acinar
cells is critically dependent on the activation of Rho. To
determine whether activation of Rho could be involved in
the ability of CCK to stimulate tyrosine phosphorylation of
p130-sin pancreatic acinar cells, we examined the effect
of pretreatment fo 3 h with the exoenzymelostridium
botulinumC3 transferase on CCK-8-stimulated changes in

+ 12% (Figure 6, top panel, lanes 3 and 4, and bottom panel).
C3 transferase pretreatment of control cells in the absence
of CCK-8 did not modify significantly basal tyrosine
phosphorylation (Figure 6, top panel, lanes 1 and 2).
Requirement for Integrity of the Actin Microfilament or
the Microtubular Network for CCkStimulated Tyrosine
Phosphorylation of p138s. Recent studieslf, 23—27, 66)
show that the integrity of the actin cytoskeleton, but not the
microtubule network, is important for tyrosine phosphoryl-
ation of some cellular proteins such as p¥#&and paxillin.
To test the possibility that these proteins might be important
in CCK-8-increased p136° tyrosine phosphorylation, we
pretreated pancreatic acinar cells foh with cytochalasin
D (3 uM), a selective disrupter of the actin filament network
(67), or colchicine, a selective inhibitor of microtubules
synthesis §8), and then incubated with CCK-8 (10 nM) for
another 2.5 min (Figure 7). Treatment with cytochalasin D
inhibited CCK-8-stimulated p138styrosine phosphorylation
by 74 +£ 5% (Figure 7, lane 5). In contrast, pretreatment

p130-3styrosine phosphorylation, because the C3 transferasewith colchicine (0.3«M) had no effect on p138styrosine

has been shown both in other cell systerfig) (and in

phosphorylation stimulated by CCK-8 (10 nM) (Figure 7,
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Ficure 5: Effect of preincubation with thapsigargin on CCK-8-
stimulated changes in cytosolic calcium fCh (left panel) or with
the protein kinase C inhibitor GF109203X, either alone or in
combination, on CCK-8 stimulation of p188tyrosine phospho-
rylation in rat pancreatic acinar cells (right panel). (Left panel)
Pancreatic acini were pretreated with or withougM thapsigargin
for 1 h in acalcium-free medium (with 5 mM EGTA) with 2M

Ficure 6: Effect of Clostridium botulinumC3 transferase on
CCK-8 stimulation of p13@s tyrosine phosphorylation in rat
pancreatic acinar cells. Pancreatic acinar cells were pretreated for
3 h at 37°C either in the absence or in the presence ofig@snL

C3 transferase. Acini were then incubated for a further 2.5 min
with no additions or with 10 nM CCK-8 and then lysed. p%30
tyrosine phosphorylation was determined as described in the Figure

Fura-2/AM, washed, and then stimulated with CCK-8 (arrow). . '
[Ca2*]; was determined as described under Methods. This result is rZeL;ar%igﬂiaIiC(é E)Ofpthﬁggeétig?\slvzerﬁglrjrgseg?nm dﬁptﬁ/géctgl %ge&?@?ﬁ
representative of three others. (Right panel) Pancreatic acinar cells S i . .

wepre pretreated with 10M thapgiggrgiﬁ fo 1)h in acalcium-free panel shows the quantification of pX3étyrosine phosphorylation.

: . A Values are meang SEM (n = 4) expressed as the percentage of
medium (with EGTA, 5 mM) or with GF109203X (M) for 2 h : X
either alone or in combination. Acini were then incubated for a the maximal increase caused by 10 nM CCK-8 above control

P o - unstimulated values. In these experiments, 10 nM CCK-8 caused
Lulrgg;gsztysron;ilg eW gﬂJ]S%ﬁg?;lg?sn(wggzzt%rrvazahegiz 3&3@2& in & (6.5+ 1.5)-fold increase over the unstimulated control value.
the Figure 2 legend. The top right panel shows a single experiment ) ) )
representative of three others performed in duplicate. In the lower photyrosine mAb to allow changes in tyrosine-phospho-
right panel are shown the meassSEM from four experiments,  rylated p1362 in cytosol and membrane fractions to be

and the data are expressed as the percentage of the maximal increasgssessed (Figure 8. panel B). In contrast to total £E30
in phosphorylation caused by 10 nM CCK-8 above the control level. (Fig » P ): 3

In these experiments, 10 nM CCK-8 caused a#60.5)-fold th_e ur_lstl_mulated Stat?’ pho_spho_tyrosmate;d pr3was
increase over the unstimulated control value. primarily in the cytosolic fraction (i.e., 6% 8%, meant

SEM, n = 6) (Figure 8, panel B, compare lanes 1 and 3).
lane 6). Moreover, pretreatment with neither cytochalasin After the addition of 10 nM CCK-8, there was a £51)-
D nor colchicine significantly modifies p13®basal tyrosine  fold increase in phosphotyrosinated p%3@ the membrane
phosphorylation in unstimulated acinar cells (Figure 7, lanes fraction (Figure 8, panel B, lanes 1 and 2), and a @.7

1-3). 0.3)-fold increase in the cytosolic fraction (Figure 8, panel
Subcellular Localization of p138° and Effect of CCK B, lanes 3 and 4).
Stimulation on Subcellular Localizatiorin unstimulated Pretreatment of pancreatic acinar cells for 30 min with

pancreatic acinar cells, p18® was found in both the the tyrosine kinase inhibitor tyrphostin B449) at a
cytosolic and membrane fractions (Figure 8, panel A, lanes concentration of 300uM inhibited basal and CCK-8-

1 and 3). Densitometry of immunoblota & 8) indicated stimulated p13&styrosine phosphorylation [6% 16% and
that in unstimulated pancreatic acini total p&3@vas largely 81+ 7%, respectivelyr{= 3)] (Figure 8, panel C, compare
localized (70+ 2%) in the membrane fraction. Upon the lanes 1 and 3 and compare lanes 2 and 4, respectively).
addition of 10 nM CCK-8 for 2.5 min, there was a 448% However, tyrphostin B44 pretreatment had no effect on the
decrease in the amount of total p£30in the cytosolic CCK-8-stimulated decrease in the amount of total %230
fraction (Figure 8, panel A, compare lanes 3 and 4). in cytosolic fractions (Figure 8, panel D, compare lanes 5
However, the amount of total p188in the corresponding and 6 to lanes 7 and 8). Specifically, with tryphostin B44
membrane fraction did not increase after CCK-8 stimulation pretreatment with subsequent stimulation with 10 nM CCK-
(Figure 8, panel A, compare lanes 1 and 2). Similar studies 8, cytosolic p1363 levels decrease 4& 11% (Figure 8,
were performed after immunoprecipitation with anti-phos- panel D, lanes 5 and 6), which was not significantly different
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CCK-8 (10 nM) — - -+ % + results with p13€7s—c-Crk complex formation were obtained
Cytochalasin D (3 uM) — + - - + - if lysates were first immunoprecipitated with p3®and
Colchicine (0.3 uM) - - + - - + Western blotting was performed using the c-Crk mAb (data
01308 - - not shown).
< DISCUSSION
1251 NS A recent study demonstrates that in addition to integrins
r p<001 and oncogenes, activation of various growth factors, of

-
o
o

bioactive lipids, and of a few G protein-coupled receptors
can also stimulate tyrosine phosphorylation of gES(@®2,
41—-44). A number of results in our study support the
conclusion that activation of the G protein-coupled GCK
receptor in rat pancreatic acini can cause tyrosine phospho-
rylation of this protein and that this event may be functionally
important in the action of CCK. First, whether a mouse anti-
phosphotyrosine monoclonal antibody is used for immuno-
precipitation followed by Western blotting using a specific
anti-p13G2 monoclonal antibody or whether the same

[8)]
o

p130°% PHOSPHORYLATION
(% of maximum increase)
~
[6,]

Q
g,(‘ antibodies are used in reverse order, CCK-8 caused a striking
00“\‘ increase in the tyrosine phosphorylation of a single §330
& immunoreactive band. Second, tyrosine phosphorylation of
QO
& S pl3G-2was a rapid consequence of the addition of CCK-8
\gx Q§ to pancreatic acini and similar in kinetics to the effect of
SIS bombesin in Swiss 3T3 cellg?) or angiotensin Il in vascular
{_fb\ 00‘1‘" smooth muscle cells4é) on p13%2styrosine phosphoryla-
© tion. p13@2styrosine phosphorylation declined after 2.5 min

FIGURE 7: Effect of cytochalasin D or colchicine on CCK-8 but remained above base line levels for at least 40 min. Third,
stimulation of p136 tyrosine phosphorylation in rat pancreatic the dose-response curve for p18&tyrosine phosphoryla-
acinar cells. Pancreatic acinar cells were pretreate fo at 37 tion occurred over the same CCK-8 concentrations that cause
°C either in the absence or in the presence pkBcytochalasin D CCK, receptor activation(1, 70) and generally over the

or 0.3uM colchicine. Acini were then incubated for a further 2.5 . - . ) . .
min with no additions or with 10 "M CCK-8 and then lysed. p330 concentration range in which CCK-8 stimulates changes in

tyrosine phosphorylation was determined as described in the FigureCellular calcium ¢1, 70, 71), generation of inositol phos-
2 legend. The top panel shows results from a typical experiment phates 11, 70, 72), MAP kinase activation43), and p125%

representative of three others performed in duplicate. The bottomand paxillin tyrosine phosphorylatio29, 31).
panel shows the quantification of pIBétyrosine phosphorylation. Role of CCK-Induced Changes in [&& or PKC Actva-

Values are meang SEM (n = 4) expressed as the percentage of . . . . .
the maximal increase caused by 10 nM CCK-8 above control tion in CCK-Stimulated Increases in pI3® Tyrosine

unstimulated values. In these experiments, 10 nM CCK-8 caused!3hOSphorylationAt present, very little is kUOV\_/n about th_e
a (6.54 2)-fold increase over the unstimulated control value. intracellular pathways that link receptor activation to tyrosine

phosphorylation of p13®s especially in the cases of G
from the 44+ 8% (h = 3) decrease in cytosolic p188 protein-coupled receptors such as the GCkeceptor.
levels in cells not pretreated with B44 (Figure 8, panel D, Activation of the pancreatic CCKreceptor is known to
lanes 7 and 8). Pretreatment with tryphostin B44 decreasedinduce polyphosphoinositide breakdown to generate inositol
the relative total p138sconcentration in cytosolic fractions  1,4,5-triphosphate and diacylglycerol, which in turn mobilize
by 49+ 5% (n = 3) in unstimulated acinar cells (Figure 8, cellular calcium and activate PKC, respectivelyl,(12).
panel D, compare lanes 5 and 7). Recent studies demonstrate that in SH-SY5Y human neu-

Interaction of p1362 with c-Crk. Recent studies with  roblastoma cells, in dispersed vascular smooth muscle cells,
integrins and growth factors provide evidence that tyrosine and in some Swiss 3T3 cell8Z, 25, 42, 44), p13C3rapidly
phosphorylation of p13®scan promote the formation of a becomes tyrosine-phosphorylated after activation of PKC by
p130-2-Crk complex @2, 39, 41, 44, 51). To assess whether  TPA. However, in Swiss 3T3 cells, stimulation of p£30
CCKa receptor activation could promote the association of tyrosine phosphorylation by bradykini@%), but not by the
tyrosine-phosphorylated p188with the adapter molecule, neuropeptide bombesi@?), was reduced by PKC inhibitors.
c-Crk, we assessed the formation of this complex by Furthermore, stimulation of p18&tyrosine phosphorylation
determining the results of coimmunoprecipitation of g#80 by bioactive lipids or bombesin in Swiss 3T3 cells was not
with c-Crk after immunoprecipitation with c-Crk mAb  dependent on calcium mobilization from intracellular stores
(Figure 9, top panel). With the addition of 10 nM CCK-8, (22, 23). However, in rat pancreatic acini, it was recently
there was rapid stimulation of the formation of a p%36 demonstrated that CCK stimulation of tyrosine phosphoryl-
c-Crk complex with a maximal effect seen at 1 min (Figure ation of two closely related p18® proteins, p125* and
9, top and bottom panels). This change was not due to paxillin, was mediated by both PKC- and calcium-dependent
differential recovery of c-Crk from CCK-8-treated cells and PKC- and calcium-independent pathwagd).( To
because when c-Crk mAb was used for Western blotting after investigate further the possible relationship between the
immunoprecipitation with c-Crk mAb similar amounts of activation of either the calcium or the PKC pathways of the
c-Crk were seen in all samples (Figure 9, top panel). Similar phospholipase C (PLC) cascade by CCK and their ability to
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A. MF CF
CCK-8(10nM) - + - +
P130CH > e - — No IP; Subcellular Lysates (15 ug)
WB: anti-Cas mAb
Lanes: 1 2 3 4
B. MF CF
CCK-8(10nM) - + ~— +
as IP; anti-PTyr (PY20) mAb
p130°=— W == @ 5. anti-Cas mAb
Lanes: 1 2 3 4
C.
CCK-8(10nM) - + - 4+
B44 (300 uM) - - +
. IP; anti-PTyr (PY20) mAb
p130° — - " WB: anti-Cas mAb
Lanes: 1 2 3 4
D. MF CF
CCK-8(10nM) - + - + - + -
B44 (300 uM) - - + + - - +

No IP; Subcellular Lysates (15 ug)
WB: anti-Cas mAb

-

p130°3$—>—- -—-— . — -

Lanes: 1 2 3 4 5 6 7 8

FIGURE 8: CCK-8 stimulation of p13®&stranslocation from cytosol and membrane fractions in rat pancreatic acinar cells and the effect of
the tyrosine kinase inhibitor, tyrphostin B44, on stimulation of g23rosine phosphorylation and its translocation. Panel A: The ability

of CCK-8 to stimulate translocation of total p136€ Rat pancreatic acinar cells were incubated for 25 min either with or without 10 nM
CCK-8. Cytosol fractions (CF) and membrane fractions (MF) were isolated as described under Methods. Lysates of the subcellular fractions
(15 ug/well) were analyzed by Western blotting (WB) with anti-pE30nAb as described under Methods without immunoprecipitation

(IP) prior to Western blotting. Results shown are from a typical experiment representative of three others. Panel B: Ability of CCK-8 to
stimulate changes in tyrosine-phosphorylated [§380 the membrane fraction (MF) or cytosolic fraction (CF). The incubation conditions

were the same as those described in the panel A legend. After isolation of the membrane and cytosolic fraction lysates, immunoprecipitation
(IP) was performed with anti-phosphotyrosine mAb and Western blotting (WB) with anti“pr8@b. Results shown are from a typical
experiment representative of five others. Panel C: Ability of the tyrosine kinase inhibitor, tyrphostin B44, to inhibit CCK-8 stimulation of
tyrosine phosphorylation of p18® Rat pancreatic acini were pretreated with or without 880tyrphostin B44, and then incubated with

or without CCK-8 (10 nM) for 2.5 min. Cellular lysates were immunoprecipitated (IP) with anti-phosphotyrosine mAb, and Western blotting
(WB) was performed with anti-p138°mAb. Results shown are from a typical experiment representative of three others. Panel D: Effect

of tyrphostin B44 pretreatment on CCK-8-stimulated translocation of total9¥130cubation conditions were identical to panel C. After
incubation, membrane (MF) and cytosolic fractions (CF) were processed as described in panel A without immunoprecipitation (IP). Western
blotting (WB) was performed with anti-p18®: Results shown are from a typical experiment representative of five others.

stimulate p13@#styrosine phosphorylation in rat pancreatic Thus, PKC activation could be a potential intracellular
acini, we used three different approaches. First, we inves- signaling pathway that could mediate CCK-stimulated 330

tigated whether activation of PKC by phorbol esters or
increased cytosolic calcium by a calcium ionophore could
increase the tyrosine phosphorylation of p38®&econd, we
investigated whether inhibition of PKC or depletion of*Ca
from intracellular compartments could alter CCK-8 stimula-
tion of p13@styrosine phosphorylation. Finally, because it

tyrosine phosphorylation, as previously demonstrated for
stimulation of p1382styrosine phosphorylation in Swiss 3T3
cells by bradykinin 25) or bFGF/IGF-1 in differentiating
neuroblastoma cellgl®). However, our results demonstrated
that it is unlikely PKC activation alone by CCK-8 is involved
in stimulating tyrosine phosphorylation of pi3© This

has been shown that simultaneous activation of PKC andconclusion is strongly supported by the fact that pretreatment
increases in cytosolic calcium in pancreatic acinar cells canwith the PKC inhibitor GF109203X, at a concentration that
have synergistic effects on a number of cellular responseshas previously been shown to completely inhibit TPA-

including tyrosine phosphorylation of various intracellular
proteins {2, 31), we investigated whether simultaneous PKC

stimulated p128* and paxillin tyrosine phosphorylation in
rat pancreatic acini3l), had no effect on stimulation of

activation and intracellular calcium increases or simultaneous p130-2s tyrosine phosphorylation caused by CCK-8. Fur-

inhibition of both pathways was required for CCK-8 stimula-
tion of p13G¢astyrosine phosphorylation.

In this study, direct activation of PKC by TPA caused a
significant increase in pl136° tyrosine phosphorylation.

thermore, a number of results suggest that increases in
cytosolic calcium by CCK-8 are not likely to be important
in CCK-8-stimulated increases in p136tyrosine phospho-
rylation. First, increases in cytosolic calcium alone, by
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Time (min) of both PKC activation by a PKC inhibitor and cytosolic
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ation by almost 50%. These results strongly suggest that
CCK-8 stimulates p138styrosine phosphorylation by both
calcium- and PKC-dependent and calcium- and PKC-
independent pathways and that each pathway contributes
approximately equally. This result is similar to findings in a
previous study in rat pancreatic aciBilf or in platelets 15)
examining CCK- or thrombin-induced p12% tyrosine
phosphorylation, respectively; however, it differs from results
of a study examining NMB stimulation of tyrosine phos-
phorylation of p125* in rNMB receptor transfected cells
(27). In a previous study31) with CCK in pancreatic acini
and with thrombin in plateletslf), tyrosine phosphorylation

of p125AK was not impaired by inhibition of cytosolic
calcium increases and only partially in the case of thrombin
stimulation after PKC inhibition, whereas the simultaneous
inhibition of both pathways completely abolished thrombin-

Ficure 9: Ability of CCK-8 to stimulate association of p138 stimulated p128* tyrosine phosphorylationlf) and par-
with endogenous c-Crk. Time-dependent formation of the §%30 tially reduced CCK-induced p125¢ tyrosine phosphoryla-

Crk complex. Rat pancreatic acinar cells were incubated with 10 jo (31). In contrast with NMB receptor activation, tyrosine

nM CCK-8 for the indicated times and then lysed. The lysates were . S .
immunoprecipitated (IP) with anti-Crk mACrk). The resuling ~ Phosphorylation of p128* was not inhibited by simulta-

immunocomplexes were analyzed by Western blotting (WB) with neous inactivation of both the calcium and PKC pathways
anti-p13@3a mAb (apl36°a9 or with anti-Crk mAb @Crk). The (27). These results demonstrate further that the role of
O dne eesanaiv o hee o . oo Ll e alon ofthe two s ofthe phospholpase C cascade
thepmean& SIFE)M of four experiments with values expressped asa M causing tyrosine _phosphorylatlon of p:_PBOplZ?AK, or
percentage of the maximal result at 1 min. paxillin, three proteins which are found in focal adhesions
(36, 46), appears to differ with different G protein-coupled
treatment of pancreatic acini with the calcium ionophore receptors.
A23187 (1uM), had only a minimal efficacy at causing Role of Actiation of p21™ in CCK-Stimulated Tyrosine
tyrosine phosphorylation of p13®. Second, that the increase  Phosphorylation of p13®s Recent studies demonstrate that
in cytosolic calcium alone was not essential for the ability tyrosine phosphorylation of a number of cellular proteins
of CCK-8 to stimulate tyrosine phosphorylation of p$30  induced by various neuropeptides, lipids, and growth factors
was shown directly by pretreatment with thapsigargin in a requires the involvement of the small GTP-binding protein,
calcium-free medium to deplete the intracellular calcium Rho @7, 31, 47). Furthermore, a previous studyb4)
stores. Under these conditions, in the present study and in alemonstrates directly that activated Rho added by scrape
previous study31) CCK-8 caused no changes in cytosolic loading to Swiss 3T3 cells stimulated p¥39tyrosine
calcium; however, tyrosine phosphorylation of p%3an phosphorylation. Results in the present study, coupled with
response to CCK-8 was not altered. These results are similaprevious findings from another recent stu@), demonstrate
to those from studies of the action of bombesin or lysophos- that inactivation of Rho in rat pancreatic acini by ribosylation
phatidic acid in Swiss 3T3 cell2®, 24) or angiotensin Il in with Clostridium botulinumtoxin markedly inhibits CCK-
cultured vascular smooth muscle cel4), which also 8-induced p13@* tyrosine phosphorylation. These results
showed that inhibition of either limb of the phospholipase provide evidence that Rho is involved in the ability of CCK
C cascade did not alter stimulation of p£30tyrosine receptor activation to stimulate tyrosine phosphorylation of
phosphorylation. However, they differ from the action of p13C*3in rat pancreatic acinar cells. At present, it remains
bradykinin @5) in Swiss 3T3 cells, which stimulates tyrosine unclear in rat pancreatic acini whether Rho is necessary for
phosphorylation of p138sthrough both PKC-dependent and  all p13d3s tyrosine phosphorylation after CGKreceptor
PKC-independent mechanisms, showing that various G activation or if there are other pathways involved that do
protein-coupled receptor mechanisms of stimulation of not involve Rho activation. This uncertainty exists because
p1303-2s tyrosine phosphorylation vary with different G in the present study intact pancreatic acinar cells were used
protein-coupled receptors. and even high concentrations and a prolonged incubation
In a number of cellular responses including tyrosine time with theC. botulinumC3 transferase, as used in the
phosphorylation, the full simultaneous activation of both present study, do not result in complete inactivation of Rho
limbs of the PLC cascade by G protein-coupled receptors is (31).
needed to obtain a maximal response with receptor activation Requirement for Integrity of the Actin Microfilament or
(12, 31). In the present study, the simultaneous activation Microtubular Network for CCKStimulated Tyrosine Phos-
of both arms of the PLC cascade, as occurs with @CK phorylation of p1302. Recent studies demonstrate that a
receptor activation in intact pancreatic acidi2( by the number of neuropeptides such as bombesin and endothelin,
addition of TPA and the calcium ionophore, A23187, did as well as various bioactive lipids such as lysophosphatidic
not cause either synergistic or additive effects on §#30 acid and sphingosylphosphocholine, can stimulate a rapid
tyrosine phosphorylation. However, simultaneous inhibition increase in stress fibers and focal adhesid® 64, 74).
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Not only the small GTP-binding protein Rho but also the showed that p13®s translocates from the cytoplasm to
actin cytoskeleton has been shown to play an important role membrane fractions with v-Crk-transformation of 3Y1 cells
in this process 15, 16, 25—-27, 47, 48). Therefore, in the  (35) and in 527Fc-Src-transformation of NIH 3T3 cells
present study we examined whether the integrity of the actin (45). Our results show that in rat pancreatic acini after CCK
cytoskeleton was essential for p£3&tyrosine phosphoryl-  stimulation there is a decrease in the amount of total $£30
ation using cytochalasin D, which specifically disrupts actin detectable in cytosolic fractions which likely reflects a
microfilaments 67). We found that cytochalasin D almost translocation of p138 from cytoplasm to membranes.
completely inhibited CCK-8-stimulated p180 tyrosine However, a reciprocal increase in the amount of total §330
phosphorylation. This effect appeared specific for actin in the corresponding membrane fractions was not detected,
microfilaments because colchicine, which disrupts microtu- probably reflecting the failure to detect a smaller fraction
bules 68, 75), had no effect on CCK-8-stimulated p13© undergoing translocation that was added to the much larger
tyrosine phosphorylation. This result demonstrates that theamount of total p13® that was already present in the
integrity of the actin cytoskeleton is essential for GCK membrane. With CCK stimulation, there was also a marked
receptor activation to cause p130 tyrosine phosphorylation.increase, (5= 1)-fold, in tyrosine-phosphorylated p139
p1254K, paxillin, and p136%are all components of focal  in the plasma membrane fraction, with a lesser, 20.3)-
adhesions 36, 46), and with the results from the present fold, but significant increase in the cytosolic tyrosine-
study, combined with those from previous studiz8-<{31), phosphorylated fraction. This latter finding is consistent with
each has now been shown to be tyrosine phosphorylated inresults in IL-8 receptor-transfected celf8| where the CXC
rat pancreatic acini after CGKreceptor activation. The exact chemokine melanoma growth stimulatory activity was shown
relationship in the tyrosine phosphorylation of these three to stimulate an increase in tyrosine-phosphorylated ££30
proteins in pancreatic acinar cells or other cells is not yet in both plasma membrane and cytosolic fractions after
clear 4). Whereas studies suggest that paxillin is a substrateactivation of this G protein-coupled receptor.
for p1254K (64, 76), the relationship with tyrosine phos- The question can be raised whether the tyrosine phospho-
phorylation of p1362sis unclear. In other cell system37), rylation of p13G2sis necessary for translocation of p£30
p130¢3s associated both in vivo and in vitro with p125. to the plasma membrane to occur because both increase with
Moreover, it has been demonstrated that 5236 a p125°K CCK, receptor activation. Our findings suggest that g0
substrate in Cos-1 and 293T cell&r). However, integrin- tyrosine phosphorylation is not necessary for g23fans-
mediated phosphorylation of p139in fibroblasts has been  location after CCK stimulation because treatment with a
shown not to depend on the presence of fA26r tyrosine tyrosine kinase inhibitor (tyrphostin B44§9), at concentra-
phosphorylation of p123X (51). The present study combined tions which markedly inhibited CCK-stimulated pX3®
with previous studies in pancreatic aci@9( 31) demon- tyrosine phosphorylation, had no effect on the CCK-
strates that in rat pancreatic acini, CCkeceptor stimulation  stimulated p13@&stranslocation. However, pretreatment with
of the tyrosine phosphorylation of each of these three proteinstyrphostin B44 reduced the amount of total p¥30n the
(i.e., p1252K, p1303s paxillin) is affected similarly by the  cytosolic fraction and increased the amount of total (5230
intracellular processes studied. Tyrosine phosphorylation of in the membrane fraction under basal conditions. This finding
each protein is mediated by both PKC- and calcium- demonstrates the total amount of p$3Gn the cytosol in
dependent and PKC- and calcium-independent pathways;unstimulated cells is influenced by the basal rate of tyrosine
each requires the integrity of the actin cytoskeleton, but not phosphorylation. A possible model, based on data from the
the microtubular network; and activation of Rho is essential present study and others, could be proposed that could
for the tyrosine phosphorylation for each. These results explain these observations as well as the changes in tyrosine-
suggest that the tyrosine phosphorylation of each of thesephosphorylated p138° and total p136® in cytosol and
three proteins in rat pancreatic acini is closely coordinated membrane fractions with CCK stimulation. In unstimulated
and is affected similarly by these different cellular processes. pancreatic acinar cells, p188is mainly localized in the
It remains unclear whether this is because the tyrosine membrane, which would likely be dependent on interactions
phosphorylation of each is sequentially dependent on the of membrane proteins with the SH3 domains of pgES0
tyrosine phosphorylation of one of the others or whether eachbecause studies in Src-transformed cells demonstrate this
is acted on independently by the same processes. domain is essential for localization of p130 to focal adhesions
Subcellular Localization of p136s and Effect of CCK attached to the membranég). After CCK stimulation, the
Stimulation on Subcellular LocalizatioA number of studies  p130-2slocalized in the cytosolic fractions in rat pancreatic
(45, 46) show that p138sis a component of focal adhesions acini is recruited to the membrane fractions, perhaps after
which are attached to the plasma membrane and in somebinding to an adapter protein such as c-3¥) ©r Crk (35)
cases was also detected along stress fibers which areébecause each of these proteins has been shown in other cells
anchored to the plasma membradg)(In the present study, to be a potent stimulant of p18® translocation to the
examination of the subcellular distribution of total p30  membrane41, 45). p1254X is localized to focal adhesions,
in rat pancreatic acini shows that under basal conditions theand it is reported that the SH3 domain of p%3@an bind
majority (70+ 2%) is present in plasma membranes. This directly to p125°K (36, 49). However, an association of
result differs from a recent stud¢®) in NIH 3T3 cells where p130-2s with p125AK is unlikely to be required for the
in the basal state total p13Bwas primarily in the cytoplasm,  translocation of p138Sbecause p13Bshas been shown to
which suggests the basal distribution varies in different cell localize to focal adhesions in p12% negative cells45). It
types. In contrast to total p18®, the majority (684 8%) is likely in the membrane that the tyrosine phosphorylation
of the tyrosine-phosphorylated p130in the unstimulated  of p130*2occurs because prior tyrosine phosphorylation of
state was present in the cytosolic fraction. Recent studiespl130°® is not required for translocation of pi8® in
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pancreatic acini; however, with CCK-8 stimulation, membrane- as a molecular switch in pancreatic acinar cells as suggested
bound tyrosine-phosphorylated p£3%increases. Further- from studies in other system85—37). Because of this
more, in a recent studytb) it has been shown that the kinase central role, p13&=likely functions as an important modula-
activity of 527Fc-Src was not required for the translocation tor of downstream signals involving other tyrosine phos-
of p13C-3in 527F-c-Src-transformed NIH 3T3 cells, and phorylated proteins and adaptor proteins activated by CCK
it was suggested that 527€-Src-mediated localization of  in pancreatic acinar cells, possibly involved in regulation of
p13C¢2sto the focal adhesion is caused not by the tyrosine changes in cell shape or the growth effects of CCK, as has
phosphorylation of p13®swith activated c-Src but by the  been demonstrated for other stimulants in other cell systems
binding of p1302sto 527F-c-Src itself. Following tyrosine (28, 33, 55—57).

phosphorylation, p13Bsinteracts with a number of signaling
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