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M uscarinic stimulation of calcium／calmodulin·dependent 

protein kinaseⅡ in isolated rat pancreatic acini 
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AIM ：To study whether M3 receptor<xx'upation 

would lead to activation calcinm／eahnc~ulln- 

dependent protein kanase II (CaM kinase II)． 

METHODS： In this study， we isolated rat 

pancreatic aclni by∞血 I1ase digestion；measured 

the Ca2 ／ealmodulin-independent activity of 

autophosphoryhtedform of theCaM kanase II both 

hdore and after stimulation of the acinl with 

mmcerinic secxetagogue bethan~ ol (Bet)． 

RESULTS： Bet stimulated the activation of， or 

generation of Ca2 一independent activity d． this 

ldaase．in a concentration(0．伽l01—1 mind·L一{) 

and time(5—300 s)一dependent manner；with Bet 
of 100 rd ·L一 ， Ca2 一ind郫 d∞t activity 

in ℃asedfrom an tmstimulated level of 4．5±0．3 

( =4)to 8．9±1．3( =4，P<0．05)at 5 s． 
Another Ca2 m0bi】i ng secretagc~ e cholecysto- 

kinin(CCK)also activated the kinase；at 1 
·L一 。OCK in 钱Ised Cd 一indepe~ent klnase 

acfivity to 12．9 ± 0．5 (n = 6．P < 0．05)． 

Vasoactive intestinal pepfide(rIP)at 1 wnol·L一 
did not plK)dil(~significant Ca2 一independent kinase 

activity (frccn control 3．90±0．28 to 4．53±0．47． 

n=6，P>0．05)． Atropine completely blocked 

Bet activation of the kinase． o0NCLUS10N：CaM 

kinase II plays a pivotal role in digestive enzyme 

8ecretlon， especially during the initial phase of 

amylase secretion． 

The musearinic receptors (M3) in rat 

pancreatic acinar cells belong to G protein-coupled 

~rpenrine receptors There are 3 subty33es of 

musearinic receptors： M l， M2，an d M3⋯ ． Five 

subtypes(nlI， ， ， ，1215)have been 

molecularly cloned and functionally expressed，and 
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MI／mI，M2／1712，and M3／In3 are identical ， The 

musearinic receptors in the rat pancreatic acini 

belong to the M3 subtype【 ，which are coupled to a 

Gq-protein【 to stimulate phospholipase CB，to 

generate the second messengers inositol 1．4．5一tris— 

phosphate (IP3) and 1，2-sn—diacylglycerol 

f DAG)[53 Imracellular Ca2 is elevated b0th by 

release from intracellular calcium StOleS after 

stimulation of IP3 receptors and thmugh receptor- 

operated calcium channels on the plasma 

men1brrdne[ - Elevated[Ca2 ]．may in turn bind 

to calmodulin and trigger various cellular processes， 

eg，stimulate ealeium／calmodulin—dependent pmtein 

kinasea ，to finally lead to ex~ tosis． 

In the present work，we studied the musearinic 

activation of ealcium／calmodulin-dependent protein 

kinase 1I (CaM kinase II)，and investigated its 

role in digestive enzyme secretion 

M ATERIAI AND M  

Pancreatic acini w prepared fⅫ n Spragu~Dawley 

rats[ by oollagenase (si舯 a)dig~ticn (37 ℃) The 

stan dard jneubation buffer was∞mD。∞d of№ a l1 8，Ka 

4．7．CaCI2 2，0．MgC[2 1．0．NaS2PO4 1 16，glucose 5．6 

mmol-L一 ，bovine serum albumin 2 g‘L‘。，soybeantrypsin 

inKibkor0．L g·L～ ，}Ⅱ PEs 25 rnmol-L‘。，Ⅳ匹M formula 

mixture of amino acids(Gibco)，and pH 7．3 with Na()H 1 

mol·L～ The solution 惴 gassed with O2for atIeast 30 

min before use． The acini were res~ pended n 10 mL gassed 

buffor after preparation and ilieuhated for 30 min before 

msuspenslc~*in 10 mI．gassed buffer．0．25 mL aliquots were 

then added to each wel】of a 48 wdl tissue culture plate： 

st 11s was applied to each wd】for a set time point and 

C indepe~ndent kinase activity determined 

To determine the activation of CaM kina．~ 1I． 

bethan~cbol(Bet)0．25 n1I (Sign~)，or sincalide(CCK 8)， 

vasoaetive intestinal peptide(VIP)(both flx~m Cambridge 

Research Bic~hemicaks) n incubation butfer was added to each 

well oantaining a-in[0 25 mL，and action stopped with 1 mL 

ice-cold stop solution(rnmot‘L。。)：Tris·H 20．egt0z．ic acid 

0．5，edetic add 1，Na2P2O7 10，Na molybdate 2，DL— 

dithiothreito[2，leupepfin(Calbiochem)1 rag_l ，soybean 

try~ninhibitor(Sigma)0．2 g·L ，followed immediately 
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by sonication(100 W for 15 s)． T n 50 I of the sonicate 

was takP丌to assay for Ca2 dependent and Ca2 一independent 

sctiviries of CaM kinase 1Itg J． 嘶 甜Y，to each 1．5 mL 

mierocentfifuge tube was added the following(on ice)：10 L 

reaction buffer(piperazin~N-N 一bis 2 ethanesulfonic acid] 

(PIPE．~ ) or N一[2-hydroxyethy1] piperazine-N 2 

ethanesulfonic acid](HEPES)5o0 FfllllO【_L ．MgCI2 100 

mmot·L一，bovine 8erlln2 albumin l g·L )，10止 CaO2 5 

mmol·L。。and 10 calmodulin(cdbicehem)0 3 g·L。。or 

10 L egtazlc acid 10 mmol·L-。and 10 L distilled water， 

l0止 substrate peptide(CaM k1 Ⅱ Ⅱ280—293)O．2 

g·1 ～，10 JjL[ P]ATP(Amersham)40 tanot·L (specific 

activity 37 GBq·tTtl~lOI。。)． The mixture was first incutmted 

at 30℃ for1min．and reaelioninitiated bythe addition of 50 

FL sonicate：3 min Iater the reaction was terminated with 5 

L【 chloroacetic acid(1D )100％． The reaction xture 

was centrifuged in micmfuge(1 Centra—M)for 2 min，and 

supernalant applied to spin column(with 125 FL Dawex AG 

1×8，Biorad)sequentially in 40 L aliquots twice． The 

final eluate(70 vL) spotted Ol2 pbosphocellulose paper 

(wha Pa【．2×2 eIlt2)，air-dried，and rir~medwith slow 

running tap water for 15 20 min before Cemnkov counting 

All epm was subtmcted from blank(with[32P ATP alone 

without eithel"substrate or sonicate) and unless stated 

otherwise results expressed as the pei~eiitage of qm  from 

Ca2 一indelxmdent reactionoverthe cpm from Ca2 一delxmdent 

reaction(the reaction rate岫 linear under our experimental 

conditimas， and alI experimenks were d_me at te~st three 

times) I1 should be noted that kinase 1I activity is 

sometimes expressed ln absolute tenrts as dpm ·min一 or 

md·min of P transfen,ed， for c／arity， the Ca2 一 

independent activity here is expressed as％ total activity．  

A【I daca w e expressed as x ± ．and test wss used cn 

determine stat-ksticaI significance 

RESUI 

Bet 100 ta~nol。L。。elicited a rapid generation of 

Ca2 一independent CaM kinase lI aetivitv． the 

earliesttime point detected was 5 s and the巳 一 

independent activity increased from 4．5 ± 0．3 

( =4)to 8．9± 1．1 ( ：4)． 1、he activity 

declined gradually in the cc~ltinuous presence of Bet 

andwas down to 5．30±0．18( =4)by min 5 

(Fig1)． 

The generation of Ca2 一independent CaM 

kinase II activity by Bet was concentration 

dependent． Cd 一independent CaM kinase lI 

activity was determined 60 s after addition of Bet． 

Al l mmol·L the Ca2 indetxmdent M kinase 

Ⅱactivityincreasedfrom 4．5±0．6( =3)t0 8．6 

10{3 um ·L 

占_—— — 打—— 
T⋯e／ 

Fig 1． C,erl~l~tion of Ca2 ．independent CaM kin~eⅡ 

activity bethanecho1． 4 rats，j± ． bp<0．05 0 

s． n 3 ratsfor each bethanechol conc~ tration． ±s． 

<0．05 0mo卜L_。． 

±0．6 ( ： 3)． Significant activation was seen 

onlyfrom 100 tm~ol·L。。(7．5±0．3，P<0．05)． 

Detectable activation was seen from 10 Ⅱn0I·L 0 

(5．1±0．4， =3；P>0．05)． Bet did not have 

any effects bdow l tanol·L (4．2 0．6， ：3； 

P>0．05)(Fig 1)． 

Atropine 10“rn01．L1 completely abolished the 

effect of Be t lo0 tanol·L ．indieating that the 

muscarinic receptors were solely responsible for the 

activation of CaM kinase lI by Bet． Atmpine(10 

“m。l·L )was added 2 min before additlon of Be t 

lo0 tmaol‘L to acin1． percentage of Ca 一 

independent kinase activity was determined 15 s 

after addition of Bet． In this set of experiments( 

：6)，Ca2 一independent CaM kinase lI activity in 

o：3ntroI acini was 3．64±O．47． Atropine alone had 

1"1o effect(5．2=1．2，P>0．05)，but completely 

blockedtheBe t effect，to reduceitfrom 14．5±2．1 

to 4．0±0．4，P<0．05(．rab 1)． 

Besides Ms receptors． both (=[=K and VIP 

m  1． Generation of Ca2’．indeoendent CaM kinme Ⅱ 。 

activity． 6 rats， ± ． >0．05，b尸<0．05 惯 

control；dp>0．05 a 叩ille
． ．  

Treatment CaM kinase II activation ／％ 

Control 

Bet lO0【mn卜L一 

Atropine 10 tm~ol’L 

Bet+atropine 

Control 

SincaJide 1 tmao卜L 

VII 1tamol·L一’ 

3 6±0．5 

14．5=2．1h 

5．2± 1 2 

4．0±0．4 

3．9±0．3 

12 9±0．5 

4 5±0．5a 

～ 一 g 7 5 3 

0 8 6  ●  

＼u0 e I【I i 窖 u 
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receptors C,qtl strum[ate~maylase secretion【n 1so]ated 

acini Buffer akme(cx)ntro1)，sincalide(I t,mo[ 

· 【_‘)．Vu (I II1 ，卜L ‘)VqaS addedto acini，and 

[xercentage of Ca2 一independent CaM kinase Ⅱ 

aelivity was determined I5 s after addiIion VIP l 

vmol‘I_ d『d not produce any Ca2一一independent 

(： kinase 1I activity (4．53二0．47 7)5~3ntrol 

3．9O±0．28，P>0 05) 【n corttrast．ehe Ca2 一 

mobilizing hormone sincalide 1 t,tool‘L ．produced 

a 2-fold(3 fold of conIro【)net increase of Ca2 一 

independent activity (12．9 ± O 5， P < O．05) 

( l'ab 1)． 

DISCL】SSION 

M1 receptor stimulation n the solated 

pancreatic acinar ceL Ls has been shown to lead t0 IP̂ 一 

dependent release from intracellu】ar 

stores．and direct Ca jnf]ux from extracellular 

space． However，what happens next is not clear． 

It is known that[Ca J．increase．s together with 

I)AG triggers protein kinase C trans[ocation from 

the cytoso】to cell rnemhrane 叫
． but whether 

[Ca2 ] increases al鲫 stinm[ate 0ther 口r0tein 

k[nases is not knowm． In this study．we have 

taken advantage of the fact that，CaM kinaseⅡ， 

undergoes instantaneous 

autophosphory[ation tO generate partial 

independent ac1ivity~⋯ By measuring the changes 

in the Ca2 independent activity． w-e have 

demonstrated that muscarinic receptor activation 

directly leads to the activation of CaM kinase Ⅱ 

r rapid nature of the onset of activation of CaM 

kinase 1I(Fig 1)indicates that this kinam plays an 

important role in the initiation rather than the 

lnainter~qnce of arnylase secretion． 

The maximal concentration Bet for 

stimulating amylase secretion has been reported to 

be around 100 Hmo]·【 【 
． and repo rt here 

that at 10 f~no[’L ．Bct was USt beginning to 

stimulate the activation of( M I-dnaseⅡand at l(】0 

pmo[‘L ，the activation vqas near-maxima1
． To 

our knowledge， this is the first report 

demonstrating a direct correlation of activation of 

M kinase Ⅱ and amylase secretion At 1 mn l 
‘I 。， Bet starts lo significantly inhibit amylase 

secretion， therefore generating the typical“bell— 

shapod”dose-response eur 【 ， But at 1 lninol 

· L 1
．
Bet cont1nues to stimu[ate the activation of 

M kinase 1I(Fig 1)，indicating that*mmthing 

other than CaM kinase Ⅱ must be responsible for 

the supra—maximal inhibition of amylase secretion． 

['his could be 8olne inhibitory second messenger(s) 

W e have shown here tha t the C mobilizing 

sinealide，like Bet．a【∞ activated CaM kinase Ⅱ． 

V[P， which acts through the generation of 

cA／riP ，did not have any effeCtS(Tab 1)． This 

together with the fact that air0pine blocked the 

effects of Bet(Tab 1)indieates that the act[vation 

of CaM kinase 11 is indeed physio[ogical and 

functiona1． T}1e concentration of sincalide and VIP 

used here． 1 >mol’L ． may seem high in 

comparison with the dose—respo nse relationship for 

amylase secretion【 。 j：but judging from the very 

rapid nature of its appearance(Fig 1)，it is possible 

that the Ca2一independent activity at shorter time- 

periods【1 or 2 s．whichwasimpossibleto detect n 

the present study)is much higher than 3-foId． A 

tnore rapid method wi Ll aIlow studies at lower 

sinealide concentrations． Nonethe【 ． we have 

unequivocally demonstrated the specific activation of 

CaM kinaseⅡ in i ated pancreatic acinar cells 

Autophosphory[ation of purified CaM kina~ Ⅱ 

(to homogeneity)generNly generates partial Ca 一 

independent activity． Using myosin right chain to 

measure enzyllle activity，Miymnoto et repo rted 

that maximal percentage of the calcium-independent 

activity was about 25％L tsJ
． If indeed this the 

ease，the percentage of Ca -' 一independent activity 

seen in the present study would represent half— 

maximal stimulation of CaM kinase 1I under 

maximal stimulation of the pancreatic adnar ceHs． 

Recent repo rts of the role of this kinase in 

insulin m 'retion in rat panereat c isLets and cultured 

ells(see Urquidi and．&shcroft，1995)suggest 

that CaM kinase 11 plays a role in the stimu[us- 

secretion coupling in both exocrine and endocrine 

Pancreas． 
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分离大鼠胰腺腺泡细胞中对钙离子／钙调素 

依赖性蛋白激酶Ⅱ的 M_型胆碱能激活 
Z 、～Z．e 

崔宗杰 (北京农业大学生物学院，北京 100094，中国) 
一 一 一  k宁 占 

关键词 阿托品；乌拉胆碱；钙；钙调素；胰岛； 

兰皇堂壁誊；辛卡利特；血管活性肠肽日! 威 

目的：研究 Mj型胆碱能受体与配体的结合可否 

导致钙离子／钙调素依赣性蛋白激酶 II(CaM 

ldnase II)的激活．方法：用胶原水解酶法分离大 

鼠胰腺腺泡，并检测乌拉胆碱(B )刺激腺泡细胞 

前后自身磷酸化型的 CaM kimse II的活性． 结 

果：Bet对该激酶的活化是时问(5—300 s)和浓度 

(0．0001—1 mrrM·L0)依赖性的，并可被阿托品 

所阻断． Bet 100加 ·L 在 5 8内可以引起 

CaM kim吕e II的激括(sll~钙离子／钙调素依赖性激 

酶活性从 4．5±O．3，增加到8．9±1．3)；辛卡利 

特 1坤d·LI1也导致该酶的激活(增加到 12．9± 

0．5)，而血管活性肠肽 1 tmaol·L'1无作用． 结 

论：CaM kinase II在消化酶的分泌中，尤其是消 

化蘸分泌的始发期，起着重要作用． 
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