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Tyrosine kinase participates in u1A·adrenoceptor·mediated 

increase of intracellular calcium in human embryo kidney 293 

cells1 
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KEY W ORDS alpha-1 adrenergic receptors；protein- 

tymsine kilha,se； calcium； calphostin C： quercefin； 

genistein；tyrphostin：phentolamine 

栅 ：．ro determine tbe role of protein—tyrosine kinase 

(阿 () in 一̂adrenoceptor-mediated incre,ase of 

l Ca2 l (_玎m埘lhdar calcium)in human embryo 

kidney(HEK)293 cells expressed 121A—adrenoeeptor 

脚 姗 S：Effects of two inhibitors：genistein 

and tyn)h0stin． wefe investigated oil tbe increase of 

I Ca2 l；by using Fura-2，11】e acfivity of was 

measured and the accum ulation of l H J ImPs w 

observed． RESULTS：Norepinephfine stimulated a 

rapid increase in l c 1．to(371．4-31)nmol_L。。'm 
旺 K 293 cells Norepinephrme-induced increase of 

f Ca2 l was inhibited by tbe tyr~ine kinase inhibitors 

quercetin and tyr0hostin bv 23．8 ％ and 21．4 ％ ， 

respectavely， but the accum ulation of l H lImPs 

induced by norepinephrine was not． 111e activity of the 

plasma4~sociam：i tyrosine kinase was increased to 

(1．73±0 72)一fold 0ver the~ntrol by norepinephrine 
10~tmol-L-。 The norepinephrine—activated was 

inhibited by calphostin C and depletion of intra-and 

extra-celhlar C CONCLUS10N ： 1 e 阿 ( 

participates in mobifization of C mediated by GIA— 

adrenoceptors in HeK 293 cel1 1ines． 
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Protein tyrosine kinase(PTK)plays an hnportant 

roleinthe bi0lq画cal responsesmediated byG protein- 

c~pled recepto／s(GPCR) after the discovery of 

various cytosolic nonreceptor阿 ( Both the GPCR— 

mediated vasocons~ction and the protein-tyrosine phos- 

phorylation in vascular smooth mu~le cells wetae 

suppressed by PTK inhibitors ． In the subclone cells 

expressing GPCR， the GPCR—mediated increase of 

cytoplasmic Ca2 concentration and protein-tymsine 

phosphorylation carI be inhibited by the阿 (in／u'bimts 

and bythe deficiency ofPTK[ · 
． 

The GI-admnoceptor-medhted activation of PLC 

results in the phosphodiesteratic cleavage of ph~phati— 

dylinosiml 4．5-diphosphate．yielding the second Ⅱ — 

sengers， IP3 and diacylglycem1． However， o11／" 

prevjous data showed that only the 0lA—adienoceplor 

contributed to the exogenous norepinephrine-induced 

vasoD sor response in rat hindlimb ． Later， our 

data displayed that 阿 ( inhibitors． genistein and 

A47， inhil~ted the norepinephrine—induced 

vasopressormsponsein rat hindlimb，but KCl—induced 

vasopressor r p0nses was not inhibited by the saTne 

concen~ttion PTK inhibimtsE 
． 11lesc results suggest 

that the PTK parti~pates in the signalⅡ fIsdIJctim of 

1̂-adienooeptor in vascular smooth mu~les of rat 

nlesenterv and hindlimb． 

Although~t1A-adrenoceptors arc the major func— 

tional∞．adrenoeeptormediatingthe vasooOI'LStriction in 

the pernJsedmeseatery and hindlirnbof rat，theremight 

exist otis1"subtypes ofm—adienoceptorsin thesetissues 

whichwere notfunctional receptors． Thus．in orderto 

excludetbe effect of oth~l"factorsin perfused tissues， 

especially oth~l"subtypes of m—adrenoceptors in native 

tissue，oil the signating of lA—admnoceptors，we used 
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the HEK 293 cells expressed 6~IA-adrenoceptors to 

determme if m (participate in the signaling of。IA— 

adrencceptors． Since the level of【Ca2 JI plays all 

important role in the contraction of vascular smooth 

muscles． the effecb of m ( inhibitors on the 

v~sopressor response induced by'norepinephrlne might 

be associated wi山 the change of C l 11lus。9,re 

investigated the effects of PTK inhibitors on the free 

Ca2 concentration in the expressing A—adrenoceptor 

HeK 293 cellsin山e present study． Toinvestigatethe 

mechanism of activated by norepinephrine． WE 

examined the effects of PKC inhJbitors and inWacellulaf 

and extraceHularCaz depletion on m (activity
． T0 

detemunewhetherthem (inhibitorsactbefore or after 

fonnation，we ex~ninedtheformation oflR in山e 

presence or absence ofm (inhibitots． 

Materials Drugs were obtained from the 

following sources： noTepinephfine， phentolamine． 

Triton X-100．egtazie acid，edetic acid。Fura-2／AM ， 

histidino1，HEPES，bovine serlJ3／l albumin (BSA)， 

quercelin，tyrphostin，calpbostin C，cyclopiazonic acid 

(CPA)，poly(Glu／Tyr)，and P—nitrophenyl phosphate 

(Sigma)： Dulhecco’s modified Eagle’s medium 

(DMEM)，fetal bovine gel'am (FBS) (Gibaoj； 

2一(2，6-dimethoxyphenoxyethylj aminmnethyl‘l，4 ben— 

zodioxane(WB 4101)，5-methyl·urapidil，8-[2一l4一L2一 

methoxypheny1)一1-piperaziny1 J ethyl J一8一azaspirol 4，5 J 

decane 7，9-dione(BMY 7378)(Research Bioehemical 

International，Nafick MA，USAj；2-2(4-hydroxy· 

pheny1)一ethytaminomethy1)一telralone (BE 2254) 

(Beiersdoff，Hamburg，Germany)；Na I and[7．32p] 

ATP(China Institute of Atomic Energy)；myo-~ H J 

inesitol(Amersham)． 

Cell culture Human embryo kidney (HEKj 

293 eells were propagated in that as described previ— 

onM~4 ．For 1TteasRrements of{ H JInsPs formation， 
ce1is of 4 x l c eJls·L were seeded in the 24一well 

plates For studies involving radio地and binding， 
Ca2 ．andm (aclivitymeasurements，cells of6 x10o 

cells per dishwere seededinthe 90·m dishes Cells 

were growntoconfluence before ii$e． 

Stably transfected cell lines eDNA for山e 

bo vine。【̂一adrenoceptors waskindly provided by DrK 

P~ lilemaa． Full length inserts were subcloned into 

山e Epstein-Ban"virus—based vectols pREP8．containing 

a resistarlce marker for selection of malllmalJan cells 

}u三K 2q3 cells re inalntained as mentioned abo ve 

Cells were n硼 sfected by catcium phosphate 

precipitation with the cDNA-containing vec[ors(20 g 

per 90一iIIm plate)．as described previously 

25I-BE binding 。 I-BE binding w'a．s performed 

in membrane preparationL BE was radioiodinated to 

theoretical specific activjty and stored in me山anol at 

一 20℃． Saturation cnrces were obtained by incubat． 

ing eel】membranes with incre~．sing concentrations of 

’l—BE and were analyzed bv山e ine山0d of Scatchard． 

Displacement bycompetitiveantagonistswas determined 

by incubating a single concentration of 2a1-BE (40—5O 

pmol·L ) in 山e presence or absence of 14 to 16 

concentration of drug． as described previously ⋯ 

Saturation and displacement ctuwe~ well~analyzed by 

nonlinearregressionanalysis．andHil1 ccefbcientswere 

determinedfrom aHill Plot． 

J H lInslPs formation Most experiments were 

DErf0ⅡIled in 24_wel1 plates Transfected subclones 

were seeded at 1ow density{2 x 10 cells·L )into 

each wel1 of 24．well plates． Myo-[ H J inosito1 was 

added to grow to confluence(2—3 d)hefore experi— 

inents On the day of山e expefimenB，plates were 

washed by submersion into 1 ITll_ofLithium·containing 

Ki'~s Ringer bicarbonate buffer：NliC1 1l0．LiC1 10． 

Ka 5，Mga2 CaCl2 l 5，NaHC 20，glucose1l， 

and edetic acid 0．029 【mmo1．L j．where they were 

gently shakenfor 30—60 s． PIatesfluid was replaced 

by lithium ．containing Krebs Ringer bicarbonate bu ffer 

containing drugs incubationswere continued at 37℃ 

(in 95％ +5％Cq)衙 1 h and were then s／Elpped 

by addition of0．1 ITll_of formic acid 20 mmo1．L～ 

Wel1swere sonicatedfor10 s each and H JInsPs wTere 

isolated by anion exchange chromatogra[)hy ． 

[Ca2 ]i determinations [c j transients 

were determined by using Fuea·2 in brief， 

confluent 90-mm plateswere washed 山 HBSS：Naa 

130，Kcl 5，MgCl21，CaCl21．5，HEPES 20，gloco~ 

10(mmol·LI1)，0．1％ BSA． Cells were washed 

with HBSS and de tached by incubation wi山 0．05％ 

trypsin and edetic acid 0 53 nunol·L。。in}玎3SS f l 

rain．followed by incubation in }玎3SS for 5—10 min． 

Cellsw e centrifuged，resuspended L3 xl 一4 xl 

cells·L 1 in DMEfvI containing 0()5％ BSA and 
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incubated wi山 5
,
~mol-L～ Fura 2／acetoxymethyl ester 

at 37℃ for 30 rain． The pellet、vas resuspended in 3 

mL of oxygenated BSS and placed ju a Perkin-Elmer 

LS 501nlYlJlleSGeflce speccaofluorometerwith 340 and 

380 nm and 510啪 (an wj山5一nm bundwidths)． 

Calibration ofthe fluorescence signals for calculation of 

lC J was performed for each aliquot by equilibrating 

intracellul~ and extr~ellulaf Ca2 with digilonin 30 

ttmol‘L (月 )，followed by addition of egtazic acid 

3o0 mmol‘L～，Tris l mol’L_。．pH9．0(R ，)，and 

using a Kd of Fura-2 225 nmol·L_‘． 

Extraction of plasn~-assodated tyrosine 

kinase and assays of tyrosine khlase activity 

Most experiments were performed in 75．cm?flasks 

On 山e day of 山e experiments． when cells wese 

propagatedwell，flasks were washed by Krebs’buffer： 

NaCI 110，KC1 5，MgC12 l，CaC12 1．5，NaUCO~20， 

glucose 1l，and edetic acid 0．029 (mmol·L叫)， 

where they were genfly shaken for 30—60 s
． F1asks 

fluidwas replaced by Kl'ebs’buffer containing drugs 

Incubations were continued at 37℃ (in 95 ％ o，+ 

5％ Co，) for 30 min and were stimulated wi山 

norepinephrine 10~anol-L at 37℃ for3min． Cells 

were lysed with ice．enld lysis buffer 3 mL! s．HCl 

20，pH 7 5，edetic acid 2，sucrose 0．25， rr舶 ， 

PMSF0．5(ii-alloI_L )，leupeptin 5 rug·L_。， 1tle 

cells were homogenized wi山 an  Ulwasonic PI'oce88or 

(amplitude 15，10 s，2 thYleS) e homogenate was 

first centrifuged at 2OOO x g for 10 min to re／hOve 

nuclei．and山e resulting supernatant was homogenized 

and clarified by centrifugatien at 100 000× at 4℃ 

for 60 mill The supernatant was the extracdon  of 

plasnm-asanciated PTK．which aetivity was measured． 

using poly (Glu／Tyr) (molar ratio 4／1) as 
substrate~ 

． In brief．assayswereperformed at 37℃ 

for 10 rain in a 50 “L fmal reaction．~sing a re,active 

buffer 37 ML (pH 7 0．Tits-HCl 50 mmol·L_‘， 

MgC12 50 mmol‘L一 ，Na~VO4 50 m0】‘L～， P— 

nitrophenylphosphate 7 gtL～，and 7． P]ATP 37 

kBq(>l8 5 eBq·mol )． The substrates，when 

present，were added at concentrationof 84O mg·L_。． 

1tIe assay was begun bv add ing reactive buffer to 

extraction of plasma-associatedPn(andwasterminated 

by spotting the reaction nfixmre ou a Whatman 3 MM 

paper strip． e washed (7 mL of 10％ TCA 

containing ATP l mmo1．L_。followed by acetone and 

then air dded)paper was counted for radioactivity． 

Less than 3 ％ of the 8nbstrate was en nstm3ed in the 

reacdon Routinely， the eⅡ activity was 

expressedas 32P incorporated per sample over a 10-min 

time period． 

Statistics Results weTe expressed as x ± 
．  

Comparisonsweremade usingANOVA an dftest． 

RESIⅡ_TS 

Radioligand binaing ‘ 1-BE labeled appar_ 

ently homogeneous populations of binding sites in 

membrane prepared from subclon es of HEK 293 cells 

lransfected wi111 the bovine Î一adlenoceptors cDNA 

containing v0 J。rs Saturation binding isothe／'wis 

analyzed bv the method of Scamhm'd showed that山e 

density of binding sites(B )was (1 26±0，16) 

nmol’g of protein(／1=5)and that the Kd values 

(163±34)pmol·L (／1=5)． Inhibition of specific 

’ 1 BE (40—50 pmol·L一 )binding by selective 

en mpetitive antagonists was performed in membrane 

from the transfected cell l § The Ki of 5-methy1． 

urapidil．BMY 7378．andWB 4101 were 8 24±0．22 

(nH=0．85±0 21，P <0．O1 onity，n=4)， 

6．11±0 2o( H=1 10±0．舶，P<0．O1 W unity， 

n=4)，and 9．28±0．26( H=0．75±0 1l，P( 

O．01 w unity， =4)，receptively． 

Inhibitory effects of quercelm md姆rpho— 

Still Oll【Ca2 ]i resl，0nse induced b n0re· 

pinephrine Ie basallevel of【c J．in艇 K 293 

cells expi'~ 01̂ adeeneoegtors in Krebs’buffer was 

(93± 10)nmol’L (n=4)． N【Hq 1epl 

stimulated a rapidincreasedin[c j inthe preseⅡce 

of extracellularC 1．5mmol·L_。． Afterthis rapid 

increase，the i Caz l；was maintained at a sustained 

levelfor(8 4-5)s，which slowlv declinedfor(87± 

12)s． 1tIe peak of rapid increased lc ]．was 
induced by nose0inephrine in aenncentration-depemtent 

maihler． 1tIemaximal re．~poi／se and pD2were(572± 

26)nmol·L_。and6．45±0．24(r／=4)． Thepeakof 

rapidthereased[Ca2 J induced by norepinepln~ 10 

tanol·L was(371±31)nmol·L。。(／,／=3)． When 

山e celIs were treated wim qneraetin 100 “I∞ I．L_。or 

ty~bostin l∞ ／~mol’L f0r 3Omin，tbe[Ca2 J 

reduced by 23．8 ％ and 21．4 ％ receptively．but 

the value of[c J．plateauwere n0t changed(11曲 1)． 

维普资讯 http://www.cqvip.com 

http://www.cqvip.com


028 

IsSN 艘船-97,',56 Acta Ptu~maeo【Sin 

E-mail aps@s盯 s|lc ac cn 

中国药理学报 1999Nov；20(11) 

H1r Fax 86-2J—晰 4_2 

Tab1． IE[fee~ of querce血 andtyrpll~ffml A盯Dnthe 

hlcre~e of Ica2 ]in I皿 (293 cells expressed啦A． 

ad地呻唧  fmIml·L一 )． n=3， ±s． <O．05掰 

the clmtl~1． 

E∞ec坞 of n0repine1．h ne and phentola· 

mine on 哪 (activity e synthetic pepti~ Poly 

(Ghl剐／1、 )was the substrate of m ( The activity 

of the plasma-associated tyrosine killaSe was increased 

to(1 73±O．72)一fold over the control( ：5，P< 

0 05)by norepi~ephrine 10“m0】’L～ However， 

the increase of activity of 呱 indtw~ i by 

norep~ uine 10 t~mol-L_。was inhibited to(0．99± 

O．12)．f0ld by pret~eatment with phentNamine 

10tanol·L 门 2)． 

T b2． Effects of n眦q 叫!phr．哪e and pII帅 I哪 ine吼 

the activity ofpla{硼丑_嬲鲫c捌 姆m曲|e 呻sesilIⅡ世 

l珥  295 cell lilI麟 日 搬 ；ged口IA·adIe瑚 唧  s- 霉±s- 

<0．05 the ： <0．05 em~ro1． 

Effects of calph~fin C and depletion of 

mtm．and臼出骶 ll血 Caz 0n阿 (activity of 

姆 ne kjnase induced by n0repjnq | ne 
When the cells were pret~eated with calphosfin C 0 1 

“m咀·L (a咐c inhibitor)and a，A 10 m0I．L 主n 

C ．free Krebs’solution containing eg诅zic acid 100 

“m0l·L一 f0r 30 min．the basal activity of plaNna- 

associated 陬 weIe not al删 ． However， 

norepinephrine—inducedincrease of activity of呱 were 

inttibited by the 口n re舳 ent mentioned above 

(T出 3) 

Effects of gen~tem and tyrl~ fin 7 on 

the[ H]hIsPs f0m船d0n mlced by norel~ne- 

phrine The l HlInsPs formation ir~luced by 

Tab 3． Effects of calphos~ C ∞ d CIPA in the free 

C Nrel~' snll抽i0lI 咖 biI-illg q；b c add ∞ the 

acllvadon of母加s k_衄 se iTId1 ced by n啊 piIlephrine 

ilI the I皿 (293 cell lilI麟 日 搬；ged A·ad理瑚 慢 p rs． 

<0．05借 the ：中 <O．05 借 the∞ ． ± s． 

Tab 4． Effect of ge~tistetn D玎 the acaⅡmda嘶 of 

[ H]h 埘 l虻ed by n哦 pi地ph ilI恤 l皿 (293 

celllj删 a 雌酬 吣 -adl n0睫 rs． n=5． 霉±s． 

<0．毗 借 the b嘲 l： >0．05 借 the o0n旬 ． 

Dmgs／~ cl·L。。 PI Accun~ aliorv'Bq 

Basal 

N吼 ne I．e 10 

Gemstein 30 

Genistein 30+Na劬 q ne 10 

Genistein 100 

C~ tein 100+N p Ile 10 

9 4±l 1 

45 4±10．5c 

9 6± l 5 

48 9±l1．4衄 

12 2± l 2 

44 5±8 7州 

n坤印in印h 10 啪 l·L wl~re notinhibited bythe 

pIe协 旺I with tymsine kinase inkibitc~genistein(30 

and 100“n10l·L一 )and tyrp~sfin (30 and 100 

“m0】·L一 )for30 rain，as shown in Tab4 and Tab 5 

Tab5．Effect of姆rIIh循血 ∞ Ⅱ世a比瞩瑚 I蚰 [ 11t] 

Ins iIIduced by n暇印jn印hdne in the lⅢK 2g3 cell 

I 嘲 ged‰ ·adl n0睫 rs． n=5． ± ． 

<0．01 the ： >0．05 the c0n州 ． 

Dm ／￡曲0l·L一 PI Ac 撕呻／Bq 

Basal 

Na-el~ephrme 10 

Tyq~ lin 30 

1yEp】 n 31)+No~pineplmne 10 

Tyq~ lin100 

_n叩Ilo n 100+N∞ nephd眦 10 

9 3±3 6 

36．9±7 4c 

11．8±3 4 

44．6±8．5删 

9 6±1．7 

42 2±5．6 
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DISCUSS10N 

h 恤 present stud),． the binding affinity {Ki 

values)for CqA—adrenoceptor-selective antagonists，5一 

melhyl-umpidil and WB 4101， were consistent with 

their high affinities at the bovine 0tlA—adrenoceptors． 

an d BMY 73馏 ．an COlD—adrenoceptor-selecfive antago— 

nist，was consistent with its low affinity at the bovine 

I~IA-adrenoceptors⋯ 。J；further
，
the fact that nH of Hill 

plot for all an tagonists mentioned above were not 

di髓 rent from unity also supported the assumption that 

there was a single subtype of radrenoceptors existing 

in the HEK 293 cells． Together with the saturation 

binding， the results suggested that the transfected 

bovine l̂-adrenoceptors were stably expressed in HEK 

293 cells and the presence of a single homog enous 

population of binding sites_n HEK 293 cell lines with 

properties that resembled those of the fflA—adreno— 

ceptors． 

Ampidincrease of[Ca2 1induced by norepine— 

phrine，which was phasic，was caused by inWacellular 

Ca2 release
． After this mpid increase，the[Ca2 ]． 

maintained at a sustained level， which was a tonic 

phase，was caused by Ca2 influx qhe data showed  

that the increase of pIlasic【Ca2 l were inhibited by 

PrK inhibimrs．which suggestedthat PrK participated 

inthemobilization ofCa2 _ntheHEK 293cell which 

expressed qA-adreno ceptors． Our finding was 

c 011si啦 nt with the results Of Semenchuk Ⅱ／(Il1
． But 

the fin ding was inconsistent wi th the results of Meucei 

et alt12J
．
because the responses induced by the 

activation of ~ ptors were probably different _n 

different cell lines 

To detemfinethemechanisms ofPrK activated by 

noreNnephrine． the PrK autivity were fum  

measured． We found that the i12,cl~ase of pla目na- 

associated PrK activity induced by norepinephrine were 

inhibited by phentolamine． It implied that the RIA- 

adxenoceptorsmediatedthe norepinephrine-induced 

activation． Since the pbosphatidylino sitol-C 

pathway is a classical signal pathway of ffl-adrenoceptor 

which callseS the biological l~ ses． we first 

considered that bo th C and PKC were the mediators 

in the PrK activation．cPA． all inhibitor of Caz ． 

ATPase at sarcoplasmic and endoplasmic reticoinm， 

depleted the inWacellular Ca2 pools( Thus
， when 

the cells were -ncubated in C ．fme Krebs’solution 

containing CPA 10 “m01·L‘。and egtazic acid 1【x】 

川衄Ol·L-。for 30 mil1． the intm-and extra-cellular 

Ca2 were depleted
．
Calphostin C was aninhibitor of 

PKC ． The present data had shown that the 

norepinephrine-induced _ncrelLse of PrK acfivity 惭  

inhibited bv PlKC inhibitot and the depletion of intra— 

and extra-cellularCa2 ． These results implied thatthe 

autivity of plasnm-associated PrK were mediated by 

PKC and Ca2 
． 

Lev et att L1 moorted that the 

activation of PYK2{a praline—rich tymsine kinase) In 

PC12 cells were PKC-de0endent and independent 

pathways， but the activity- of PYI~2 induced by 

bradykinin we陀 associatedwith theincrease oflCaz l 

concentration． xcVl~-qherthe PYK2 was one ofthe PrK 

activated bv 一̂adreJlocgptor should be detelmined． 

The steps where A-adI％0cep协r_m a倒 PrK 

action the C mobilization are veryinteresting and 

co mplex． In the present study，the nomp ine0~ e- 

_nduced l HlInsP formation惭 observed 1tle fact 

that【 HjInsP formation mediated by qA-adrenoceptor 

v,m'l'e not inhibited by the pret~alment wi th the PrK 

inhibitom suggested that the PrK inhibitccs were after 

formation． It meant RIA-adrenoceptor-mediated 

PrK did not act as the sigr~ tvdalsdnction pathway 

before phospholipaseC (PI_C)． 1l1e effect ofm <on 

the metabolism of phosphatidylinositol showed the 

specificity of me tissue and the'T expression of GPcR． 

Sofar．thePrK c~lsesalterations'ntheproduction and 

metabo lis~n of Dhosphafidylino sitol via at least three 

pathway as follows：d subunit of Gn l，Pl-3 kinase， 

and 眦  l · ， Our previous study showed that 

NaF(an agonist ofG-protein)-induced the Vas0press0r 

responses _n rat Wrfos~ hindlimb were inhibited by 

PⅨ inhihitors+but the (an agonist of PKC)- 

induced vaso0ressor responses were not inhibited ． 

We suspect that the step wtsem PTK acted is at Oile 

sides between the G-protein and PKC． 
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酪氨酸激酶参与吨 肾上腺素受体介导的 

人胚胎肾细胞浆游离钙浓度升高 厂7 

，7 D ／ ／ 

朱卫忠 ，高本 李和旺，张幼 葬善德 
(北京医科大学第三医院血管医学研究所，北京 

100083．中国) 

关键词 一1 J肾上腺素受体；蛋白质{酪氢酸激酶； 
钙；calphostilI C ；懈皮素；4，5，7-三 羟异黄酮； 

ty~hostin；酚妥拉明 

hE}<z}j 

目的：研究酪氨酸激酶是否参与 锄 肾上腺素受体 

介导的人胚胎肾细胞(HEK293)浆游离钙浓度调 

节．方法：用 Fura-2／AM荧光法测定细胞游离钙 

浓度．底物反应法测定酪氨酸激酶活性． 结果： 

去甲肾上腺素(NE)可引起的 HEK293细胞内游离 

钙浓度升高至(371±31)nmol-L ，酪氨酸激酶抑 

制剂樨皮素和 rpIlos血 可抑制 NE引起的细胞内 

游离钙浓度升高，但不抑制 NE引起磷酸肌醇的生 

成，NE可引起 HEg293细胞浆酪氨酸激酶升高 

l 73±0，72倍，这种作用可 被 PKC的抑制 剂 

calphostin C和细胞 内钙耗竭所抑制， 结论：酪氨 

酸激酶参与 吨A肾上腺素受体介导的人胚胎肾细胞 

内游离钙浓度升高， 
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