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Abstract (1) Caerulein 107" M and carbamylcholine 5-107° M provoked a 3-fold increase in amylase
secretion and a 50°, stimulation of protein phosphorylation in rat pancreas fragments. Secretin cxerted
similar effects, though more moderate. at 51077 M concentration, but was inefficient at low con-
centrations. Dibutyryl-cyclic AMP 2 mM stimulated total protein phosphorylation (+28°;) but the
secretory effect was subdued (+50°). The effects observed with cyclic GMP and its dibutyrylated
derivative were insignificant. (2) In rat parotids, 10™° M isoprotercnol provoked a 10-fold increase
in amylase output and excrted a slight (+ 15%,) but significant effect on protein phosphorylation. These
effects were reproduced by 0-5-2-0 mM dibutyryl-cyclic AMP. Dibutyryl-cyclic GMP at a high (5
mM) concentration allowed a slight increase (+&6",) in enzyme seeretion with no apparent stimulation
of protein phosphorylation. (3) These results indicate a clear stimulation of protein phosphorylation
when hormonal stimulus—secretion coupling was involved in the pancreas acinar cells and parotids.
The derivatives of cyclic AMP partially mimicked these effects. and more clearly so in the parotids

than in the pancreas.

The mode of action of many hormones on their target
cells is mediated by cyclic AMP. A hormone-respon-
sive adenylate-cyclase (EC 4.6.1.1) increases the intra-
cellular level of cyclic AMP, allowing the activation
of protein kinases (EC 2.7.1.37) and the phosphoryla-
tion of some proteins. The alteration in the properties
of these phosphoprotcins appears to be responsible
for the physiological effects of the hormone. The
reversibility of this process is secured by the hydroly-
sis of cyclic AMP by phosphodiesterase(s) (EC
3.1.4.17), and by the dephosphorylation of proteins
by a protein phosphatase (EC 3.1.3.16).

It also appears that the effects of some hormones,
such as acetylcholine and oxytocin are mediated by
cyclic GMP via a similar mechanism [1].

We undertook recently the study of the mode of
action of hormones stimulating the secretion of pan-
creatic hydrolases by following the phosphorylation
of proteins, i.e. one of the last steps of this classical
scheme. In the preceding paper [2]. we reported a
40-50°%, stimulation in the phosphorylation of total
proteins after incubating pancreas fragments in the
presence of 107% M pancreozymin or 107 caerulein.
This stimulation was significant in all subcellular frac-
tions but the amplitude varied from one fraction to
another,

In the present work. we compared the effect of caer-
ulein, carbamylcholine, isoproterenol and cyclic nu-
cleotides on pancreas protein phosphorylation. Paro-
tids were ‘utilized as a tissuc of reference: the role
of cyclic AMP as an intracellular messenger of isopro-
terenol is indeed well established in this gland [3].

MATERIALS AND METHODS

Male albino rats weighing approximately 200 g and
fed ad lib. were anesthetized with diethyl ether. The

pancreas was removed, the animal was bled by cut-
ting a renal artery and the parotids werc dissected
out, successively. The pancreas and parotids were
trimmed of fat, blood vessels and connective tissue.
Fragments weighing approx. 20 mg were randomly
distributed in flasks containing the preincubation
medium. The tissue fragments were always main-
tained in the presence of Trasylol Bayer (500 UIK/ml)
in Krebs—Ringer bicarbonate buffer enriched with 10
mM glucose and adjusted to pH 74 with O, + CO,
(95:5). The preincubation and incubation procedures,
the extraction and assay of proteins, and the measure-
ment of **P incorporation into proteins (taking into
account the specific activity of inorganic phosphate)
are detailed in Ref. 2. v-Amylase in the medium was
estimated by the method of Vandermeers ¢t al. [4].

Synthetic caerulein was a gift from Farmitalia
(Milano, Italy). Carbamylcholine was from Federa
(Brussels, Belgium). Secretin was obtained from the
GIH Research Unit of the Karolinska Institute
(Stockholm, Sweden). Isoproterenol and cyclic nu-
cleotides were purchased from Sigma (St Louis.
U.S.A.). [**PJorthophosphate was obtained from the
Institut National des Radioéléments (Mol. Belgium).

RESLLTS AND DISCUSSION

Effects of hormones on the parotids. In the parotids.
1077 M isoproterenol provoked a 10-fold increase in
amylase secretion. The parallel rise of protein phos-
phorylation, though moderate (15",). was significant
(P < 0-05). Carbamylcholine is reported to act on
parotids by liberating endogenous catecholamines
[6]. Accordingly. if the phosphorylation of some pro-
teins represents a rate-limiting step in the secretory
mechanism induced by isoprotercnol, then the same
relationship must be observed with carbamylcholine.
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Table |. Influence of 10 ¥ M cacrulein, 5-107" M carbamylcholine and 10

M. LAMBERT. . Camus and J. Criristori

M soproterenol on amylase seeretion

and total protein phosphorylation.

Amyvlase output

Incoporation of *-pP
into proteins

In ", of In", of

Tissue N Means + S.E. control Means = SE control
Pancreas

Control 12 124 + 10 HO0 248 = 1] 100)

Caerulein 12 389 4+ 20 33F 372+ 16 150 %

Carbamylcholine 3 382 £ 45 307 * 372+ 30 150*

[soproterenol 3 162 + 11 130 NS 279 ¢ 46 112 NS
Parotids

Control 8 110 + tt 100 249 + 3 100

Cacruletn 3 119 + 22 108 * 20N 227 87 NS

Carbamylcholine 3 359 + 61 RRA 27X = 20 |12 NS

Isoproterenol 6 1079 + 64 978 RAFAE T | 5%

Tissue fragments were preincubated at 37 7 in order to eliminate wash-out cffects (details in Refl, 21 They were trans-
ferred after 20 min to a fresh medium containing [*?PJorthophosphate and when specified. a secretagogue. After 40
min incubation, the specific activity of P, was estimated in the acid-soluble extract of cach sample. and the labelling
of proteins was expressed in (cpm/mg proteins: cpmpg P} x 107 Amylase output is expressed in U secreted 100
mg fresh weight tissuc. N indicates the number of experiments. P values (*: P < 0-05) were calculated upon application
of Student's t-test between paired data obtained with and without secrctagogue. NS = not significant.

We observed that amylase sccretion tripled under
5.107% M carbamylcholine. The concomitant stimu-
lation of protein phosphorylation was not statistically
significant but this could be due to the fact that the
maximal secretory capacity of the parotids was [far
from being attained. The effect of 107 M caerulein
on amylase secretion and protein phosphorylation
were negligible in the parotids.

Effects of hormones on the pancreus. Pancreas amy-
lase sccretion was stimulated three-fold by 107" M
caerulein or 5.107° M carbamylcholine. Simul-
taneously, there was a 30%, increase in total protein
phosphorylation (Table 1). Neither parameter was sig-
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Fig. 1. Effects of increasing concentrations of secretin on
amylase output and total protein phosphorylation. After
20 min preincubation. the pancreas fragments were incu-
bated for 60 min in the presencse of [**PJorthoposphate.
Means + S.E. of three experiments. (a) Amylasc output
(0) in U secreted/100 mg fresh weight tissue. (b) Labelling
of proteins with **P (@) in {cpm/mg proteins: cpmiug P
x 103,

nificantly influenced by 107" M isoproterenol. We
also tested the effects of secretin. {The main action
of this hormone is to stimulate the seeretion of bicar-
bonate and water from centro-acinar and ductular
cells. and cyclic AMP uappears to play the role of
seccond messenger [S]) At concentrations lower than
1077 M, secretin was without cffect on amylase secre-
tion and did not mfluence protein phosphorylation
(Fig. ). whereas 2 to 4-fold rises in pancreas cycelic
AMP levels have been observed in our laboratory
with similar concentrations [5]. (However, it 1s clear
that our method based on the extraction of total pro-
teins could not detect a stimulation in protein phos-
phorylation confined to that small proportion of cells
controlling bicarbonute secretion). At a very high
(5 % 10 7 M) concentration. sccretin markedly stimu-
lated amylase sceretion and this time there was a 227,
increase in total protein phosphorylation. This pan-
creozyminlike effect could be due cither to a conta-
mination of the Karolinska preparation of sceretin
by pancreozymin. or to the action of high doses of
secretin on acinar cells.

Effects of evelic nucleotides. The preceding results
show a positive correlation between large effects of
hormones on amylase scerction and protemn phos-
phorylation m two target organs: the exocrine pan-
creas and the parotids. They suggest the activation
of protein kinases by a sccond messenger. This intra-
cellular mediator has been identified as cyelic AMP
in the case of isoproterenol stimulating the parotids
[3] and of secretin acting on the centro-acmar cells
of the pancreas [7]. The messenger of pancreozymin
is not vet identified since it is difticult to assign such
a role to eyclic AMP. Indeed. the levels of eyelic AMP
increase only under very high concentrations of pan-
creozymin, far above those provoking definite amyl-
ase hypersecretion [ 5], The activity i ritro of adenyl-
ate-cyclase in pancreas homogenates is sensitive o
pancrecozymin [8.97 but theophylhine and dibutyryl-
cvelic AMP do not reproduce the seeretory effect in
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Table 2. Influence of cyclic nucleotides on amylase secretion and total protein phosphorylation

Ampylase output

Incorporation of *?P
into proteins

In %, of In 9, of

Tissue N Means + S.E. control Means + S.E. control
Pancreas

Control 16 128 + 6 100 364 + 1-1 100

Dibutyryl-cyclic

AMP (-5 mM 4 170 + 16 133NS 422 + 43 116 NS

Dibutyryl-cyclic

AMP 2 mM 6 197 + 20 154 # 466 + 20 128 *

Cyclic GMP | mM 3 156 + 15 122 NS 443 + 106 122 NS

Cyclic GMP 5§ mM 3 2124+ 23 166 NS 372 + 35 102 NS

Dibutyryl-cyclic

GMP 5mM 2 125+ 9 97 NS 4524+ 26 124

Theophylline 10 mM 4 173+ 16 135 NS 397 + 34 109 NS
Parotids

Control 6 179 £ 9 100 353 4+ 23 100

Dibutyryl-cyclic

AMP 0-5mM 3 1408 + 72 787 * 455 + 18 129*

Dibutyryl-cyclic

AMP 2mM 3 1567 + 102 876 * 454 + 36 129*

Cyclic GMP | mM 3 224 + 11 125NS 385+ 18 109 NS

Cyclic GMP 5mM 3 333 4 35 186 * 367 + 3.5 104 NS

After 20 min preincubation, the tissue fragments were incubated for 60 min in the presence of [*?PJorthophosphate.

Same presentation of data as in Table 1.

vitro of pancreozymin on tissue fragments (Ref. 10
and Table 2).

Effects of cyelic nucleotides on the parotids. The
effects of cyclic nucleotides on protein phosphoryla-
tion and enzyme secretion from the parotids were
consistent with the model. Indeed. 0-5 or 20 mM
dibutyryl-cyclic AMP (N®, O¥-dibutyryl adenosine
3,5-monophosphate) reproduced the secretory effect
of isoproterenol {an 8 to 9-fold increase in amylase
output) and stimulated protein phosphorylation by
29° (Table 2). Cyclic GMP did not stimulate amylase
secretion at a | mM concentration. A high (5 mM)
concentration allowed a slight (+ 86%,) but significant
effect, without accompanying increase in protein
phosphorylation. This modest effect of 5 mM cyclic
GMP could be due to the low sensitivity of cyclic
AMP dependent protein kinases to cyclic GMP
[11,12] and/or to the inhibitory effect exerted by high
concentrations of cyclic GMP on cyclic AMP phos-
phodiesterase(s) [ 13].

Effect of cyclic nucleotides on the pancreas. Dibu-
tyryl-cyclic AMP at a 2 mM concentration signifi-
cantly stimulated amylase output and total protein
phosphorylation. However. the secretory effect was
limited (+ 50°;,) when compared to the much larger
(3-fold) stimulation by caerulein 10°° M. and this
in spite of the fact that the gross enhancement of
protein phosphorylation observed with both caerulein
and dibutyryl-cyclic AMP was of the same order of
magnitude in paired fragments.

Theophylline had no effect on amylase secretion
and protein phosphorylation (Table 2} in spite of the
2-fold increase in cyclic AMP levels ordinarily
observed in pancreas fragments submitted to the
same 10 mM concentration of the methylxanthine

[9].

The results observed with cyclic GMP and dibu-
tyryl-cyclic GMP (N®, O¥'-dibutyryl guanosine 3.5
monophosphate) were dubious. They do not support
a decisive role of cyclic GMP in enzyme secretion
but their inconsistency could be due to poor tissue
permeability to the cyclic derivatives of guanosine
monophosphate.

We may conclude that the results obtained with
the parotid agree well with the model of a cAMP
mediated action of isoproterenol.

In the pancreas, we found a good correlation
between the hormonal stimulation of enzyme secre-
tion and increased protein phosphorylation. However,
DB cAMP could only partially reproduce the effects
of caerulein or carbamylcholine on amylase secretion
and protein phosphorylation while theophylline had
no significant effects on both parameters. Therefore
we may not conclude at this state of the experiments
that cAMP is the intracellular mediator of caerulein
or carbamylcholine.

We hope that the study of pancreatic adenylate cyc-
lase. which is now in progress in our laboratory,
together with the present results, will enable us to
understand the mode of action of hormonal secreta-
gogues on the pancreas.
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