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AIM: To study whether M; receptor occupation
would lead to activation of calcium/calmodulin-
dependent protein kinase [I (CaM kinase II ).
METHODS: In this study, we isolated rat
pancreatic acini by collagenase digestion; measured
the Ca’* /calmodulin-independent  activity of
autophosphorylated form of the CaM kinase 11 both
before and after stimulation of the acini with
muscarinic  secretagogue  bethanechol { Bet ).
RESULTS: Bet stimulated the activation of, or
generation of Ca’*-independent activity of, this
kinase, in a concentration {0.0001 — 1 mmol L™ 1)
and time {5 — 300 s)-dependent manner; with Bet
of 100 pmol - L!, Ca’*-independent activity
increased from an unstimulated level of 4.5 £ 0.3
(n=4)108.9+1.3 (n=4, P<0.05} at 5 s.
Ancther Ca®* mobilizing secretagogue cholecysto-
kinin {CCK) also activated the kinase; at 1 panol
‘L1, CCK increased Ca’”-independent kinase
activity to 12.9 = 0.5 (n = 6, P < 0.05).
Vasoactive intestinal peptide { VIP} at 1 pmol -L™?
did not produce significant Ca® * -independent kinase
activity {from control 3.9020.28 t0 4.53+0.47,
n=6, P>0.05). Atropine completely blocked
Bet activation of the kinase. CONCLUSION: CaM
kinase I plays a pivotal role in digestive enzyme
secretion, especially during the initial phase of
amylase secretion.
The muscarinic (M3} in rat
pancreatic acinar cells belong to G protein-coupled
serpentine receptors.
muscarinic receptors: M,, M;, and Mz!').  Five
subtypes (my, mm, my., my, ms) have been
nwlecularly cloned and functionally expressed. and

receptors

There are 3 subtypes of

' This paper is dedicated 10 Pred Tumua Kanno, on the occasion of s
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M, 7ty . M>/n1, and Ma/my ate identical®.  The
muscarinic receptors in the rat pancreatic acini
belong to the M subtypeU] . which are coupled to0 a
Ggp rotein *!
generate the second messengers inositol 1,4, 3-tris-
phosphate ( IP: ) and 1, 2-sn-diacylglycercl
(DAGS) . Intracellular Ca*' is elevated both by
release  from stores  after
stimulation of IP; receptors and through receptor-
calcium  channels on  the plasma
membrane® . Elevated [Ca* ], may in turn bind
to calmodulin and trigger various cellular processes,
eg, stimulate calcium/calmodulin-dependent protein
kinases, to finally lead to exocytosis.

In the present work, we studied the muscarinic

to stimulate phospholipase Cs, to

intracetlular calcium

operated

activation of ecalcium/calmodulin-dependent protein
kinase [l (CaM kinase II ), and investigated its
role in digestive enzyme secretion.

MATERIALS AND METHODS

Pancreatic acini were prepared from Sprague-Dawley
ras' " by collagenase (Sigma) digestion {37 T}  The
standard incubation buffer was composed of ™aCl 118, KCl
4.7, CaCly 2.0, MgCl; 1.0, NaH,PO, 1.16, gluccee 5.6
mmol- L7, bovine serum albumin 2 g-1.7', soybean trypsin
whubtor 0.1 g-L7' HEPES 25 mmeol- L™, MEM formula
maxture of amino acsds (Gibea). and pH 7.3 with NaOH 1
mol* 1.7t The solution was gassed with Oy for at least 30
min before use. The acini were resuspended in 10 mL gassed
buffer after preparation and incubated for 30 min before
resuspension in 10 ml. gassed buffer, 0.25 mL aliquots were
then added tn each well of a 48-well tissue culture plate;
stirnulus was applied to each well for a set time point and
Ca®* -independent kinase activity determined.

To determine the activation nf CaM kinase 1[I,
bethanecbol {Bet} U.25 mL {Sigma). or smcalide (CCK-8),
vasoactive mtestinal peptide { VIP) {both from Cambridge
Research Biochemrcals) in incubation buffer was added w each
well containing acini 0.25 ml., and action stopped with 1 mL
iee-cold stop solution {mmol- 1.71); Tris=HCl 20, egrazc acd
0.5, edettc acid 1, Na;P:(Oy 10, Na molybdate 2, DL-
dithiothreitnl 2. leupeptin {Calbiochern) 1 mg- L™ !, soyhean
trypsin infabitor {Sigmal 0.2 g-L 7Y, {dlowed mmediately
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by sonication (100 W for 15 »).  Then 50 pl. of the sonicate
was taken 1o assay for Ca®~ -dependent and Ca” * -independent
actraties of CaM kinase [['"). DBriefly. to each 1.5 mL
microcentrifuge tube was added the follawing {on 1ce): 10 pL
reaction buffer { piperazine- N-N’-bis . 2-ethanesutfonic acid ]
{ PIPES ) or  N-[ 2-hydroxyethyl ] piperazine-N'-D 2-
ethanesulfonic acid] { HEPES) 500 mmol- L™, MeCl, 100
mmol*L"", bovine serum alburmn 1 g+ L.™"), 10 pL CaCl; 5
mmol*L.”" and 10 gl calmodulin { Calbiochem) 0.3 g-L. "L ar
10 pL egrazic acid 10 mmol-L™! and 10 pL distilled water,
10 pl substrate peptide ( CaM kinase [ o 280-293) 0.2
g LY, 10 L [PPJATP { Amersham) 40 pmol* L™ { specific
activity 37 GBqrmmol 7)., The mixture was first incubated
&t 30 T for 1 min, and reaction imtiated by the addition of 50
pL. sonicate; 3 mun later the reaction was termmated with §
pL wichlorcacetic acid { TCA) 100 % .  The reaction mixture
was centrifuged in microfuge (IEC Centra-M} for 2 min. and
supernatant applied to spn colurn (with 125 pl Dowex AG
17 8, Biorad) sequentially i 40 pL aliquots twice. The
final eluate (70 pl.) was spotted on phosphocellulose paper
{Whatman Py » 2 X2 can®), air-dned, and rinsed with slow-
runneng tap water for 15-20 min before Cerenkov counting.
All cpm was subtracted from blank (with [**PTATP alone
without either substrate or scmicate) and unless stated
otherwise results expressed as the percentage of epm [rom
Ca?* -independent reaction over the cpm from Ca®* -dependem
reactiun (the reaction rate was linear under our expenmental
conditions, and all experments were done at least three
1t sbould be noted that CaM kinase [I activity is
sometimes expressed in absclute terms as dpm * min ! or
molemin™! of {®P" iranslerred, lor clarity, the 2% -
independent activity here is expressed as % of twotal actvity.
All data were expressed as 7 = s, and ! test was used 1o

times) .

determine statistical significance.
RESULTS

Bet 100 pmol- L™ " elicited a rapid generation of
Ca**-independent CaM kinase [l activity, the
earliest time point detected was 5 s and the Ca © -
independent activity increased from 4.5 + 0.3
(n=4) to 8.9 £ 1.1 (n=4). The activity
declined gradually in the continuous presence of Bet
and was down to 5.30 +0.18 (# =4) by min 5
(Fig 1).

The generation of Ca®'-independent CaM
kinase [l activity by Bet was concentration-

Ca’*-independent CaM  kinase I
activity was determined 60 s after addition of Bet.
At 1 mmol L' the Ca®" -independent ("aM kinase
[I activity increased from 4.5+0.6 {2 =3) t0 8.6

dependent.
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Fig 1.  Generation of Ca’*-independent CaM kinase II

activity by bethanechol. r=drats, ¥ts. P<0.05w 0
8. n =3 rats for each bethanechol concentration, ¥ £ 5.
P<0.05 vs 0 mol-L.7'.

+0.6 (# =3) Significant activation was seen
only from 100 pmeol - L71(7.5+0.3, P<0.05).
Detectable activation was seen from 10 pmol - L1
(5.120.4. n=3; P>0.05). Bet did not have
any effects below 1 pmol <L 71(4.2+0.6, » =3;
P>0.05) (Fig 1}.

Atropine 10 umol-1. ! completely abolished the
effect of Bet 100 gmol * L}, indicating that the
muscarinic receptors were solely responsible for the
activation of CaM kinase [ by Bet. Atropine (10
pmol* .71} was added 2 min before addition of Bet
100 pmol * ! to acini, percentage of (Ca’*-
independent kinase activity was determined 15 s
after addition of Bet. In this set of experiments { n
=6), Ca’" -independent CaM kinase I activity in
control acini was 3.64 £ 0.47.  Atropine alone had
no effect (5.2 =1.2, P>0.05), but completely
blocked the Bet effect, to reduce it from 14.5+2.1
to4.0+0.4, P<0.05 (Tab 1).

Besides M; receptors, both CCK and VIP

Tah 1. Generation of Ca’*-independent CaM kinase I
activity. n =6 rats, £ * 5. "P>0.05, "P<0.05 v
control; “P>>0.05 vs atropine.

Treatment CaM kinase [ activation/%
Control 3.620.5
Bet 100 pemol 17! 14.5=2.1¢
Atropine 10 pmal- L™/ 52+1.2°
Bet + atropine 4.0%0.44
Controt 3.910.3
Sincahde 1 pmot+1.7* 12.9+0,5"
VIF 1 pmol-L7! 4.5x0.5
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recepiors ean sumulate amylase secretion i 1solated
acini.  NulTer alme (contrul}, sincalide (1 gmol
LY VIR pmol L ') was added to acini, and
pereentage of Ca™ ' -independent CaM kinase [
VIP 1
sl - L' did not praduce any Ca™ ™ -independent
CaM kinase || activity (4.53 = 0.47 & control
3004 0.28, P>0.05),

robilizing hormene sincalide 1 pmol L7, produced

activity was determined 15 s alter addivion.

“ T
[n contrast, the Ca™™ -

a2-Jold (2 Told of eonirol} net increase of Ca®* -
irdependent activity 1 12.9 £ 0.5, P < 4.05)
(Tab 1),

DISCUSSION

M; reeeptor  stimulation  in the  isolated
pancreatic acinar cells has been shown o lead 16 [P;-
dependent Ca®’  release Trom intracellular Ca™”
stares. and direct Ca®” influx Trom extracellular
space.
It i~ known that [ Ca*" |, increases together with

However., what happens next is net clear.

DAG 1nggers protein kirase C translocation {rom
the cvtosol to cell membranes '™, but whether
[Ca™' ], increases also stinmlate other protein
kinases is not known. In this studv., we have
taken advantage of the Tact that, CaM kinasc 11 .
undergoes Instatitaneous
Ca "~

By measuring the changes

unee stimulated,

autophosphorylation  to  generate  partial
independent activity! ',
i the (&' -independent activity, we have
demonstrated that muscarinic receptor activation
directly leads to the activation of CaM kinase I .
The rapid nature of the onset of activatiorr of CaM
kinase [I (Fig 1) indicates that this kinase plays an
important role in the initiation rather than the
mainienance of amylase secretion.

The maximal concentration

of  Bet for
stimulating amylase secretion has been reported to

be arcund 100 umol « L7112

. and we report here
that at 10 prnol - L7, Bet was just beginning to
stimulate the activation of CaM kinase [[ and at 100
pmol-[.7", the activation was near-maximal. To
repart
demunstrating a direct correlation of activation of
At 1 mmol

LY, Bet starts to significantly inhibit amvlase

vur  knowledge,  this 15 the  Tirst
CaM kinase [ and amylase secretion.

secretion,  therelore generating the typical * bell-

21 Bur at 1 mmol

shaped” duse-response curve
‘1.7, Bet continues to stimulate the activation of
CaM kinase 11 (Fig 1), indicating that something
other than CaM kinase [ must be responsible for
the supra-maximal inhibition of amylase secretion.
This could be some inhibitory second messenger(s).

We have shown here that the Ca° ' -mobilizing
sincalide, like Bet, also activated CaM kinase [ .
VIP, which acts through the generation of
cAMPY3 did not have any eflects (Tab 1), This
wgeiher with the fact that atropine blocked the
effects of Bet { Tab 1} indicates that the activation
of Cahl kinase I

The concentration of sincalide and VIP

is mdeed physioclogical and
functional.
used here, 1 pmol * L', may seem high in
comparizon with the dose-response relationship for

(241 but judging Trum the very

amylase secretion
rapid natute of its appearance (Fig 1), it is possible
that the Ca' -independent activity at shorter time-
perieds (1 or 2 s, which was impossible to detect in
the present study? is much higher than 3-fold. A
more rapid methad will allow studies at lower
sincalide concentrations.  Nonetheless, we have
uneqguivocally demonstrated the specilic activation of
CaM kinase [[ in isolated pancreatic acinar cells.
Autophasphorylation of purified CaM kinase [I
(to homogeneity ) generally generates partial Ca® -
independent activity.  Using myosin light chain to
measure enzyme activity, Mivamoto et af reported
that maximal percentage of the calcium-independent
%05 If indeed this is the

case, the percentage of Ca® ' -independent activity

activiey was about 25

seen in the present study would represent hall-
maximal stimulation of CaW kinase I under
maximal stimulation of the pancreatic acinar cells.

Recent reports of the role of this kinase in
insulin secretion in rat pancreatic islets and cultured
Bells (see Urquidi and Asherolt, 1995 ) suggest
that CaM kinase [l plays a role in the stimulus-
secretion coupling in both exocrine and endocrine
pancreas.
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