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ABSTRACT

i>,i Paimitoyl carnicine (PC), an inhibitor of protein kinase C, de
creased [125I|epidermal growth factor (EGF) cell-associated radioactivity

in rat pancreatic acini. H-7, another inhibitor of protein kinase C, failed
to inhibit |125I]EGF binding. Palmitate, carnitine, acetylcarnitine, and 2-

tetradecylglycidic acid methyl ester (a specific inhibitor of endogenous
PC formation) did not alter |12SI]EGF binding. PC conjugated to bovine
serum albumin (PC-BSA) decreased [I25I]EGF cell-associated radioactiv

ity to the same extent as PC. Neither compound affected the distribution
of cell-associated radioactivity into acid-resistant and acid-dissociable
compartments. In contrast, cholecystokinin octapeptide (C'('KB) and 12-
0-tetradecanoyl-phorbol-13-acetate ('ITA ) markedly inhibited the distri

bution of [I25I]EGF into the acid-resistant compartment. Proglumide, a
competitive antagonist of CCKÂ«,reversed the inhibitory action of C'C'KÂ»

but not that of PC-BSA. PC-BSA did not inhibit (I2sl)insulin binding, and
did not enhance amylase release, a Ca2*-mediated effect. Further, its
inhibitory effect on [I2SI]EGF cell-associated radioactivity was not addi

tive with the inhibitory effect of the calcium ionophore A23187. Both
PC-BSA and H-7 inhibited Ca2*- and phospholipid-dependent kinase

activity in soluble and paniculate fractions when added to disrupted acini,
but in the paniculate compartment only when added to intact acini. These
findings suggest that PC-BSA may regulate EGF binding via a novel
mechanism that is independent of protein kinase C activation or Ca2*

mobilization.

INTRODUCTION

EGF3 is a mitogenic polypeptide that regulates a variety of

cellular functions (1). To initiate these effects, EGF interacts
with high affinity cell surface receptors which then internalize
the bound ligand. Several factors have been shown to perturb
the binding and/or internalization process, including vasopres-
sin (2), platelet-derived growth factor (3), fibroblast-derived
growth factor (4), and /3radrenergic agonists (5). We and others
have previously reported that pancreatic acini exposed to intra-
cellular C;r *mobilizing agents such as CCKg and the ionophore

A23187 have a reduced capacity to bind and internalize EGF
(6-8). Other studies have demonstrated that tumor-promoting
phorbol esters such as TPA also cause a reduction in EGF
binding capacity in a variety of cell types including pancreatic
acini (9, 10). This inhibition is presumably mediated through
activation of protein kinase C (10-12), and subsequent phos-
phorylation of the EGF receptor on a threonine residue close
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to the inner surface of the plasma membrane (13). The gene
coding for the EGF receptor is a protooncogene (14), and
overexpression or abnormal activation of the EGF receptor is
believed to confer a growth advantage to malignant cells (IS).
The factors that modulate EGF binding and EGF receptor
activation are therefore of considerable interest.

In the present study, we examined the effects of two distinct
inhibitors of protein kinase C, H-7, and PC-BSA, on [125I]EGF

binding in isolated rat pancreatic acini. These cells have specific,
high affinity EGF receptors, avidly internalize EGF, but do not
readily degrade this growth factor (7). They are therefore useful
as a model system for studying EGF binding (16). PC is a long-
chain fatty acid ester of carnitine which in micromolar quan
tities inhibits the activity of heart and brain protein kinase C in
a competitive manner (17-21). H-7 is an isoquinolinesulfon-
amide derivative which also inhibits protein kinase C activity
in micromolar quantities, and which presumably acts in a more
selective manner (22). We now report that PC, but not H-7,
inhibits EGF binding in isolated rat pancreatic acini.

MATERIALS AND METHODS

Materials. The following compounds were gifts: CCKÂ«from Dr. M.
Ondetti of Squibb, New Brunswick, NJ; proglumide from Dr. I. Setni-
kar, Rotta Laboratories, Milan, Italy; crystalline pork insulin from Dr.
R. Chance, Eli Lilly Laboratories, Indianapolis, IN; i -carnitine and
acetylcarnitine from Sigma Tau Chemicals, Rome, Italy; 2-tetradecyl
glycidic acid methyl ester from McNeil Laboratories, Ft. Washington,
PA. The following compounds were purchased: D.L-palmitoyl carnitine
chloride, benzamidine hydrochloride, histone type HIS. phenylmeth-
ylsulfonylfluoride, phosphatidylserine, palmitic acid, hyaluronidase,
and bovine serum albumin, fraction V, from Sigma Chemical Co. (St.
Louis, MO); H-7 from Seikagaku America, Inc. (St. Petersburg, FL);
chromatographically purified collagenase from Cooper Biochemical
(Freehold, NJ); TPA and A23187 from Calbiochem-Behring (San
Diego, CA); leupeptin from United States Biochemical Corp. (Cleve
land, OH); NP-40 from Particle Data Laboratories Ltd. (Elmhurst, IL);
[732P]ATP (2-10 Ci/mmol) from New England Nuclear (Boston, MA;
diluted 1:1 with distilled water). A stock solution of 1 RIM PC-BSA
was prepared by a modification of the method of Pearce et al. (23). For
this purpose, BSA (0.5 HIM)was dissolved in HEPES buffered Ringer's

solution (HR buffer) that was devoid of glucose and soybean trypsin
inhibitor (24), and PC (0.1 M) was dissolved in absolute ethanol. Both
solutions were then heated separately to 45*C. The PC/ethanol solution

(100 M!)was slowly added to the BSA solution (10 ml) at 45V, followed
by gentle swirling for 5 min. The final concentration of PC in the
mixture (1 mM) was twice that of BSA (0.5 HIM).PC-BSA was stored
at -20'C.

Preparation of Pancreatic Acini. Male Sprague-Dawley rats (250-400
g) were fasted overnight prior to use in experiments. Isolated pancreatic
acini were prepared as previously described (24) using chromatograph
ically purified collagenase and hyaluronidase. Acini were preincubated
at 37Â°Cfor 60 min prior to use in experiments (24). Preincubation of

acini and subsequent incubations were carried out in HR buffer. Amy
lase release was measured using the Phadebas blue starch assay (Phar
macia Diagnostics, Piscataway, NJ).

Binding Studies. Biologically active mouse EGF was isolated from
mouse submaxillary glands and purified as previously described (25).
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EGF was iodinated using chloramine-T (10) to a specific activity of All statistics were calculated using the Student's unpaired t test.
80-160 ud/ug. To carry out binding studies, [I25I]EGF (100,000 cpm/
ml) was incubated with acini for 30 min at 37Â°Cunless otherwise stated.

Incubations were terminated by centrifuging aliquots of the acinar
suspension through 154 HINTNaCl at 4*C and washing the acinar pellet
three times with 154 mM NaCl, 4'C. The pellets were counted and

assayed for protein content (26). Nonspecific binding determined in the
presence of 3 fig/ml unlabeled EGF, never exceeded 25% of total
binding. Separate nonspecific binding determinations were performed
for each of the additions used in the internalization studies inasmuch
as TPA slightly decreased nonspecific binding. [125I]EGF was >90%

precipitable in 10% trichloroacetic acid after a 60 min incubation with
acini. PC, at concentrations as high as 70 /Â¿M,did not alter either TCA
precipitability of the ligand or the percentage of nonspecific binding.

To monitor the distribution of cell-bound radioactivity, acini were
washed as above, and then incubated with 0.5 M NaCl (pH 2.5) for 4
min at 4'C (27). The radioactivity eluting into the acid-saline solution

was taken to represent the acid sensitive or cell-surface compartment,
whereas the radioactivity remaining in the cells following this incuba
tion was taken to represent the acid resistant or internalized radioactiv
ity (10).

[I2sl]lnsulin was prepared using chloramine-T (28), and incubated
with acini for 30 min at 37'C as previously described (7). Incubations

were terminated as above. Nonspecific binding, determined in the
presence of 50 Â¿ig/mlunlabeled insulin, never exceeded 25% of total
binding. All statistics were performed using the Student's paired t test

unless otherwise noted.
Fractionization of Acini and Measurement of C'a'*- and Phospholipid-

dependent Kinase Activity. Pancreatic acini were preincubated in
HEPES-Ringer buffer as described above, and either incubated with 40
^M PC-BSA or 70 n\i H-7 at 37'C, or immediately prepared for

homogenization. Subsequent procedures were carried out at 4T except
where noted. Treated acini were washed once in HEPES-Ringer buffer
and once in homogenization buffer containing 20 mM Tris-Cl, pH 7.5,
1 mM benzamidine, 1 mM phenylmethylsulfonylfluoride, 0.01% (w/v)
leupeptin, 0.01% (w/v) soybean trypsin inhibitor, 2 mM EDTA, and 50
mM 2-mercaptoethanoI. Washed acini were resuspended in 1.2 ml
homogenization buffer and homogenized using three strokes of a mo
tor-driven timinee type teflon glass homogenizer. Particulate and solu
ble fractions were separated by centrifugation for 10 min in a Beckman
microfuge (13,500 x g). The pellet was resuspended in 1.2 ml homog
enization buffer and centrifuged again (13,500 x g, 10 min). The pellet
was then resuspended in 1.2 ml homogenization buffer supplemented
with 10 mM EGTA and 1% (v/v) NP-40 for l h to extract paniculate
enzyme activity. The solubilized particulate fraction (200 Â¿tl)was then
applied to a Sephadex G-25 column (25 x 0.5 cm) and eluted with
homogenization buffer devoid of EGTA and NP-40. Protein contents
of the eluate and acinar soluble fractions were determined using the
Bradford assay (29), with bovine serum albumin as standards.

Kinase activity was initially measured in the presence and absence of
0.5 mM CaCl2 and/or 5 ng phosphatidylserine. Assay buffer (200 ÃŸl
final volume) contained 20 mM piperazine-jV,jV'-bis(2-ethanesulfonic

acid) (pH 6.5), 40 ug lysine-rich histone (type III-S), 10 mM MgCl2, 25
Â¿Â¿MEGTA, and 30 pg of sample protein (30). The reaction was initiated
in a 30*C water bath by the addition of 5.5 /il [732P]ATP and terminated

5 min later by the addition of 300 u\ of 20% TCA and 100 u\ carrier
BSA (5 mg/ml in water) at 4'C. Precipitated protein pellets were
washed twice in 20% TCA (4Â°C),and solubilized in 1 ml of 0.1 N

NaOH. The sample was then neutralized with 40 u\ of 1.5 N HC1, and
counted in a Beckman LS-3133P Liquid Scintillation Counter, using a
mixture of toluene, Triton X-100 (2:1), and 0.4% Omnifluor (35%
counting efficiency) (31). Preliminary experiments confirmed that the
transfer of 32P from [f32P]ATP to histone, under the conditions em
ployed in the present study, is phosphatidylserine and Ca2+ dependent.

All subsequent kinase activity was therefore measured in the presence
of 5 Mgphosphatidylserine, but in the presence or absence of 0.5 mM
Cad:. Kinase activity was calculated as the amount of radioactivity
recovered in the presence of Ca2+ minus the amount recovered in Ca2+-

free conditions.

Significancebetween groups was determined at P < 0.05.

RESULTS

Effects of Putative Protein Kinase C Inhibitors and of Inter
mediates of Pa Imitate Oxidation on [I25I]EGF Binding. The
effects of PC, H-7, and of intermediates of long-chain fatty acid
oxidation on [I2SI]EGF binding are summarized in Table 1.

Saturation studies for the determination of receptor number
and binding affinity were not carried out due to the rapid
internalization of [125I]EGF by acini at 37Â°Cwhich invalidates

this form of analysis (7). Furthermore, pancreatic acini do not
survive for more than l h at temperatures which inhibit the
internalization process (4Â°C),and nonspecific binding increases

greatly.
PC (40 UM)inhibited cell-associated radioactivity by 39% (P

< 0.005). H-7, at concentrations ranging from 1 to 70 /Â¿M,did
not alter EGF binding. Palmitate, carnitine, and aeet\ Icarnitine
also did not significantly alter EGF binding. Furthermore,
TDGA-Me, a specific inhibitor of long-chain fatty acid oxida
tion that prevents the formation of endogenous PC (32), failed
to alter [12SI]EGF binding and had no effect on the inhibition

caused by exogenous PC.
Effects of PC and PC-BSA on [125I]EGF and [12SI]InsuIin

Binding. PC has well-documented detergent effects when added
to membranes (33, 34). These effects can be blocked by conju
gation of bovine serum albumin to the molecule to form PC-
BSA (35). Therefore, to determine whether PC exerted a non
specific detergent effect on the binding of polypeptide ligands,
the actions of PC and PC-BSA on [I25I]labeled EGF and insulin
binding were studied next. PC and PC-BSA, at a concentration
of 40 //M, decreased [125I]EGF cell-associated radioactivity to
the same extent (Fig. 1). In contrast, PC inhibited [125I]insulin
binding by 50% whereas PC-BSA had no effect on insulin
binding.

The effects of varying concentrations of PC and PC-BSA on
[I25I]EGF cell-associated radioactivity were examined next (Fig.

2). Both compounds exerted reproducible effects in the 10-20
>ÃMrange, and maximal inhibitory effects at a concentration of
70 UM.At this concentration PC and PC-BSA inhibited [I25I]-
EGF cell-associated radioactivity by 55 and 58%, respectively.
However, there was a concomitant slight (5-10%) but repro
ducible decrease in cellular viability as determined by Trypan
Blue exclusion (data not shown). Greater concentrations of
either compound were therefore not tested. All subsequent
studies were carried out with 40 Â¿Â¿MPC or PC-BSA since this
concentration did not alter cellular viability.

Table 1 Effects of H-7 and various intermediates and inhibitors nf pattuitale
oxidation on {'"IJEGF binding

Pancreatic acini were incubated with [12*I]EGFfor 30 min at 37'C following a
15-min incubation in the presence of specified additions. Stock solutions of
additions were made in dimethyl sulfoxide and 8 n\ were added to 2 ml of acini.
8 Â¡i\of dimethyl sulfoxide alone had no effect on [I29I]EGF binding. H-7 was
added in water and incubated with acini for 30 min before adding [I25I]EGF.
Control (untreated) acini bound 5198 Â±551 cpm/mg protein of [125I]EGF.

Condition
['"IJEGF binding

(percentage of control)

Control
H-7 (70 MM)
PC (40 MM)
Palmitate (40 MM)
Carnitine (40 Â¿IM)
Acetylcarnitine (40 n\t)
TDGA-Me (40 MM)
TDGA-Me + PC100.0

Â±14.5Â°

110.9 Â±6.0
60.9 Â±4.5*

91.1 Â±5.5
106.6Â± 1.9
119.5Â± 13.0
93.0 Â±6.5
53.4 Â±6.3*

â€¢Values, means Â±SE from three to five individual experiments.
*P < 0.005 when compared with control.
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10T

T

Control PC PC-BSA
(4x10-5M)(4x10-5M)

Control PC PC-BSA
(4x10-5M)(4xia5M)

Fig. 1. Effects of PC and PC-BSA on [125I]EGF and ['"Ijinsulin binding to
isolated pancreatic acini. Pancreatic acini were incubated at 37'C with either PC
or PC-BSA for 15 min prior to addition of (12SI]EGFor [125I]insulinfor 30 min.
Control (untreated) acini bound 6678 Â±1052 cpm/mg protein of [I2*I]EGF, and
8517 Â±1835 cpm/mg protein of [I25l]insulin. Values are means Â±SE from three
individual experiments. *P < 0.05 when compared to respective control values.

Concentration (M)

Fig. 2. Effects of PC and PC-BSA on [I25I]EGF binding. Pancreatic acini were
incubated at 37"C with various concentrations of PC (â€¢, ) or PC-BSA
(O, ) for 15 min prior to addition of [I25I]EGF for 30 min. Control (untreated)

acini bound 2752 Â±358 cpm/mg protein. Values are the means Â±SE from four
individual experiments.

Table 2 Effect of inhibitors off'"IJEGF binding on [tuIJEGF intemalization
Pancreatic acini were incubated with [>29I]EGFfor 60 min at 37'C following a

15-m in incubation in the presence of the specified additions, then treated with
0.5 M NaCI, pH 2.5, as described in "Materials and Methods." The total [I2JI]-

EGF bound by control (untreated) acini was 5387 Â±1400 cpm/mg protein.

AdditionNone

CCK, (30 nM)
TPA(0.1 MM)
PC (40 MM)
PC-BSA (40 MM)Acid

resistant4.97
Â±1.24Â«

0.51 Â±0.07*
0.58 Â±0.10*
3.09 Â±0.56e
3.31 Â±0.70e[125I]EGF

(%Acid

dissociable0.27

Â±0.08
0.18 Â±0.09
0.10Â±0.01C

0.18 Â±0.04
0.19 Â±0.04bound)Resistant/

dissociable18.41

Â±1.54
2.83 Â±1.54*
5.80 Â±1.39e

17.17 Â±1.50
17.42 Â±2.90

* Values, percentages of radioactivity added per mg protein (mean Â±SE of

either five or six individual experiments).
*/>< 0.005.
e/><0.05.

|12511EG F Internalization Studies. Both CCK8 and TPA are
known to inhibit [125I]EGF endocytosis in acini (7, 9). The
effects of PC and PC-BSA on the distribution of [125I]EGFinto

the cell surface and intracellular compartments were therefore
studied next (Table 2). The data were also expressed as a ratio
of acid resistant to acid dissociable radioactivity in order to
discriminate between actual changes in the distribution of
bound ligand between these two compartments as opposed to

changes in the amount of total cell-associated radioactivity (36).
PC and PC-BSA decreased the radioactivity associated with
both the cell surface and intracellular compartments, but did
not significantly alter the distribution ratio of the bound ligand.
In contrast, CCKÂ«(30 HM)and TPA (0.1 /IM) markedly reduced
the proportion of [I25I]EGF present in the acid-resistant frac

tion, thereby significantly lowering the distribution ratio of the
bound ligand.

Effects of Proglumide on Inhibition of [I25IJEGF Binding. In
order to determine whether PC-BSA might inhibit EGF binding
through interaction with the CCK receptor, we compared the
effects of PC-BSA on [125I]EGF cell-associated radioactivity

alone and in combination with the CCK antagonist proglumide
(Table 3). Proglumide, at a concentration of 10 IHM, did not
alter [I25I]EGF binding. This concentration of proglumide com

pletely reversed the inhibitory action of 1 nM CCK8, but did
not significantly alter the inhibitory action of PC-BSA.

Additivity Studies with A23187. Several inhibitors of EGF
binding have mechanisms of action involving increases in intra
cellular calcium concentration and/or activation of protein
kinase C. The inhibition of [125I]EGF binding in response to
PC-BSA was therefore compared in the presence and absence
of the calcium ionophore A23187 (Table 4). When concentra
tions of PC-BSA and A23187 which were independently effec
tive in inhibiting cell-associated radioactivity were used together
no additive effect was observed. Further, the concomitant ad
dition of subthreshold concentrations of PC-BSA and A23187
which independently did not inhibit EGF binding, also did not
demonstrate any inhibitory effect.

Effect of PC-BSA and H-7 on Ca2+-and Phospholipid-depend-
ent Kinase Activity. Ca2+- and phospholipid-dependent kinase

activity was measured in order to determine whether either PC-
BSA or H-7 modulated this activity in pancreatic acini. In
unstimulated cells, the majority of Ca2+-, phospholipid-depend

ent kinase activity is recovered from the cytosol (30). Following

Table 3 Effect of proglumide on inhibition of f'"IJEGF binding by PC-BSA
Pancreatic acini were incubated with [125I]EGFfor 30 min at 37"C following a

15-min incubation with the specified additions. Control (untreated) acini bound
3226 Â±305 cpm/mg protein of [125I]EGF.

AdditionNone

CCK, (1 nM)
Proglumide (10 HIM)
CCKÂ»+ proglumide
PC-BSA (40 MM)
PC-BSA + proglumide[125I]EGF

(%bound)3.44

Â±0.67
0.69 Â±0.05*

3.60 Â±0.57
3.02 Â±0.08
2.43 Â±0.51e
2.53 Â±0.20e

" Values, percentages of radioactivity added per mg protein (mean Â±SE from

three individual experiments).
* P < 0.005 when compared with control.
CP<0.05.

Table 4 Effect of calcium ionophore A23187 on inhibition of[l"IJEGF
binding by PC-BSA

Pancreatic acini were incubated with [I2*I]EGF for 30 min at 37'C following a
15-min incubation with the specified additions. Control (untreated) acini bound
2086 Â±404 cpm/mg protein of [125I]EGF.

Addition [I25I]EGF (% bound)

None 2.34 Â±0.31Â°
PC-BSA (40 MM) 1.65 Â±0.28*
A23187 (50 MM) 0.80 Â±0.08e
PC-BSA (40 MM)+ A23187 (50 MM) 0.69 Â±0.04C "
CCK, (30 nM) 0.37 Â±0.04C
PC-BSA (7 MM) 2.34 Â±0.27
A23187(1 MM) 1.86 Â±0.29
PC-BSA (7 MM)+ A23187 (1 MM) 1.87 Â±0.21

" Values, mean Â±SE of three individual experiments.
* P < 0.05 when compared with control.
e P < 0.005 when compared with control.
d P < 0.05 compared with CCK,.
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stimulation, the kinase activity translocates to the cell mem
brane. We therefore assayed kinase activity in both participate
and soluble fractions prepared from acini. When 40 ^M PC-
BSA was added directly to either particulate or soluble frac
tions, inhibition of kinase activity was virtually complete in
both compartments (Table 5). H-7 (70 UM)gave similar results.
However, when either PC-BSA or H-7 were added to the intact
acini, only enzyme activity in the particulate fraction was inhib
ited.

Effect of PC-BSA on Amylase Secretion. Pancreatic secreta-
gogues act via Ca2+ or cAMP to enhance digestive enzyme

release (37). It is of interest, therefore, to determine whether
PC-BSA could regulate enzyme release in pancreatic acini. PC-
BSA (40 /Â¿M)decreased basal amylase release by 28% (p < 0.05,
Table 6). The same concentration of PC-BSA slightly atten
uated the secretory response to CCKg when data were expressed
as percent increase above control, but this effect was not signif
icant. Furthermore, the magnitude of the CCKg response was
the same as that caused by PC-BSA and CCKg together when
compared to PC-BSA alone. Therefore, PC-BSA appeared to
lower basal secretion levels without affecting the absolute mag
nitude of stimulation by CCK8.

DISCUSSION

In the present study PC and PC-BSA inhibited [I25I]EGF

binding in a dose-dependent manner. Other intermediates in
the palmitate oxidation pathway such as palmitate, carnitine,
and acetylcarnitine failed to mimic the inhibition by PC, sug
gesting that mitochondrial oxidation of PC was not responsible
for this effect. Furthermore, TDGA-Me, a specific inhibitor of
endogenous PC formation, did not cause any increase in [I25I]-

EGF cell-associated radioactivity, indicating ongoing PC syn
thesis was not producing a tonic inhibition of EGF binding. It
is not clear, therefore, whether PC is of physiological signifi
cance in the exocrine pancreas.

Table 5 Effect of PC-BSA and H-7 on Co2*-, phospholipid-dependent kinase

activity in intact and fractionated acini
Percent inhibition of kinase activity"

Protocol A Protocol B

Addition Particulate Soluble Particulate Soluble
PC-BSA (40 MM) 93.0 Â±7.0Â»'c -0.6 Â±9.0 98.1 100.0
H-7 (70 MM) 82.2 Â±7.7* 15.3 Â±11.9 100.0 87.7

Â°Protocol A, pancreatic acini were incubated in the presence or absence of PC-
BSA (40 MM,15 min) or H-7 (70 MM,30 min) at 37'C prior to fractionation.
Ca2*-, phospholipid-dependent kinase activity in control acini were 1.75 Â±0.38
and 6.54 Â±1.01 pmol phosphate/min/mg protein in particulate and soluble
fractions, respectively; protocol B, pancreatic acini were fractionated and the
specified additions added directly to the assay immediately prior to addition of
[â€¢y-32P)ATP.Values are from a representative (of three) experiment.

* P < 0.005 using Student's unpaired t test.
' Values, means Â±SE of three experiments.

Table 6 Effect of PC-BSA on amylase secretion from pancreatic acini"
Pancreatic acini were incubated for 30 min at 37'C in the presence of the

specified additions. Basal amylase release (control) was 5.22 Â±0.19 U/mg protein/
30 min.

Addition
Amylase secretion

(percentage of control)

None
0.3 nM CCK,
40 MMPC-BSA
CCKÂ«+ PC-BSA

100Â±8
463 Â±18Â°

72 Â±8*
417 Â±10Â°

" Data are expressed as percentage of control values and are means Â±SE of
three experiments. /' < 0.005 compared to control using Student's unpaired i

test.
* P < 0.05.

PC is an ampiphilic molecule that may form micelles at
concentrations as low as 10 /IM (38). It is therefore critical to
discriminate between the potential detergent effects of PC and
its biological actions (33, 34). Several lines of evidence in the
present study mitigate against any nonspecific detergent effects
of PC or PC-BSA on EGF binding. First, PC-BSA was as
effective as PC in inhibiting EGF binding. Second, in contrast
to PC, PC-BSA failed to inhibit [125I]insulinbinding to acini. It

is therefore probable that inhibition of insulin binding was due
to the detergent activity of the PC molecule which was abolished
by conjugation to BSA. Third, the effects of PC-BSA on EGF
binding were not reversed by proglumide, a competitive antag
onist of CCKg, indicating that inhibition was not caused by a
nonspecific detergent action on the CCK receptor.

A variety of growth factors, hormones, and neurotransmitters
that inhibit EGF binding are known to modulate polyphos-
phoinositide metabolism (39-41). The hydrolysis of phospha-
tidylinositol 4,5-bisphosphate by these compounds yields diac-
ylglycerol and inositol 1,4,5-triphosphate (IP3) (42), thereby
providing two distinct mechanisms for modulating EGF bind
ing. Diacylglycerol activates protein kinase C, whereas IP3
causes the release of Ca2+ from intracellular stores (42). Both
C-kinase activation and Ca2+ mobilization decrease [125I]EGF

binding and internalization (7,9). PC inhibits purified C-kinase
in vitro (20, 21), prevents the induction of ornithine decarbox-
ylase activity by synthetic diacylglycerol and TPA (43), inhibits
adhesion and morphological changes induced in HL-60 cells by
TPA (44), and alters Ca2+ homeostasis in heart cells (33, 45,

46). However, several lines of evidence in the present study
suggest that PC-BSA does not act via either of these mecha
nisms in pancreatic acini. First, PC-BSA did not inhibit Ca2+-,
phospholipid-dependent kinase activity in the soluble compart
ment when added to intact acini. Second, PC-BSA did not
inhibit [I25I]EGF internalization whereas both CCKg and TPA

markedly decreased internalization of the labeled ligand. Third,
PC-BSA did not enhance amylase secretion, a biological re
sponse that is activated by a rise in intracellular free Ca2+ in
pancreatic acini (47). Fourth, PC-BSA does not increase intra
cellular free Ca2* levels in pancreatic acini as determined with
the fluorescent Ca2+ indicator quin-2.4

PC-BSA decreased particulate kinase activity in intact acini.
It is not clear whether this decrease mediates the inhibitory
effect of PC-BSA on EGF binding. However, H-7 also de
creased particulate kinase activity but did not alter EGF bind
ing, suggesting these effects are not related. The failure of both
compounds to inhibit soluble kinase activity in intact acini
suggests that they may not enter the acinar cell membrane.
Although the finding that "membrane" and "cytosolic" protein

kinase C activity may be inhibited independently is intriguing,
it's significance is uncertain at this time. Interaction of the PC

molecule with C-kinase is further suggested by the finding that
PC-BSA slightly inhibited amylase secretion. In contrast, the
C-kinase activator TPA has been shown to increase protein
discharge from acini (48).

TPA and A23187 exhibit a synergistic inhibitory effect on
EGF binding in pancreatic acini (9, 10). In contrast, PC-BSA
and the ionophore did not appear to have either additive or
synergistic effects in the present study even though they were
individually capable of inhibiting [125I]EGF binding by appar

ently different mechanisms. This lack of additivity between the
PC molecule and A23187 has also been reported in the stimu
lation of cardiac sarcolemmal Ca2+, Mg2+-ATPase (45).

4ÃŒ.S. Brockenbrough and M. Korc, unpublished observations.
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It is possible that the extremely lipophilic physical nature of
PC and PC-BSA may be responsible for the decrease in EGF
binding. The PC molecule may insert in the cell membrane (33)
and/or interact with one of the many cellular enzymes having
lipid substrates or cofactors (34, 17, 49). In addition, PC may
interact directly with the EGF receptor, or in some way com
promise the aggregation of bound receptors into coated pits
(50). Cyclic AMP-dependent inhibition of EGF binding has
been demonstrated in adipocytes (5). However, PC has been
reported to inhibit adenylate cyclase activity in canine myocar-
dial sarcolemma (51). Moreover, cAMP-mediated hormones
such as vasoactive intestinal peptide bind avidly to acini but
have no effect on EGF binding (6). It is therefore unlikely that
PC acts via this mechanism.

In summary, inhibitors of EGF binding are believed to act
via increases in intracellular Ca2+ levels or protein kinase C
activation. Both processes occur as a consequence of phospha-
tidylinositol hydrolysis. PC-BSA appears to be a unique inhib
itor not utilizing this pathway, which in addition is capable of
inhibiting C-kinase. PC-BSA may therefore be a useful probe
for elucidating some of the cell surface events that modulate
EGF binding.
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