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AIM ：To characterize the ATP diphosphohydrolase 

(apyrase)of bovine endocardial endothelial cells，and 

to compare ecto— activity between 

bovine endocardial and a0rtic endothelial cells【BⅡ 

and BAEC) M咂卫|IoDS：The nucleotide was 

analyzed by reversed phase HPI C and apyrase activity 

was assayed by inorganic phosphate release． 

RESIJ1 rs： Apyrase inhibitors， bo血 NaN3 10 

mmol·L_。and NaF 20 ml'no】．L_。．inhibited BEEC 

apyrase activ畸 by 51％ and 38％，respectively． 
The inhibitor for Na ／K ．A1．Pase ouabain．did not 

affect tIle enzyme activity． Edetic Jacid 5 lnlylO】．L 

completely inhibited tIle enzyme activity． O．5 

mmol’L一 downregulated BEEc apyrase activity in a 

time-dependent manner． The al~yrases activities in 

BAEC were highertIlan tIloseirl BEEC．whiletIle ecto． 

AMPase activity in BAEC was much weaker than tIlat 

-n BⅡ ． CON(工USION：BⅡ have NaN ．and 

NaF—sensitive． ouabain—insensitive apyrase activity 

BEEC had 叠h ecto．a~lPase activities， and 1ow 

aDyrasesactivities as compared with BAEc． 

Vascular endothefial cells are known to regulate 

local adenosine nucleotide concentrations by membrane 

。Conespoadence to ProfGUO 21~ae-Gui 

Phn 86-731—447—4411．ext 2797． Fax 86-73l一447一l339 

E-mail guozg@public．cs hn．cTl 

Received 199~-04-10 Accepted 1999—01—29 

ecto-enzymes termed A1]P diphosphohydrolases 

【apyrase，EC 3．6．1 5)，ecto—ATPase or ecto-ADPase 

tIlat can hydrolyzeboth extracellular adenosinetfiohos— 

phate【ATP)(now regarded as a apoptosis inductor of 

vessel endothdial cells) and adenosine diphosphate 

【ADP．a platelet agonist) 。。5j The Enal product of 

apyrase， adenosine monophosphate (AMP)， is a 

substrate for 5 一nucleotidases【AMPase)and ultimately 

generates adenosine， an importallt cardiopmtective， 

anti-inflammatory and anti—aggregatory mediator- ’ 7j 

Ⅵm订eATPases hydrolyze cytoplasm ATP t0 ADP but 

not to AMP， and participate in the ATP-dependent 

energetic processes( 
．  

Like vascular endothelial cells， endocardial 

endothelial cells(EEC)possesstIle ability to synthesize 

prostacyclin(PGI2)，endothelin．and nitric oxide ⋯． 

ther EEC have all apyrase activity has never been 

reported． n e present work was to study the chamc— 

teristics of BⅡ ．associated fdDyrase．and to compare 

ecto-adeulnenucleotidase activity between bo vine endo- 

cardial an d aorta endothelialcells． 

Materials Adenosine 5'-diphosphate，adeno- 

sine 5'-monophosph ， adenosine 5'-triphosphate， 

M199 medium，bovine serun2 albumin(BSA)，edetic 

acid，diadenosine pentaphosphate (ApSA)，sodium 

~zide【NaNa)，and ouabain were obtained from Sigma 

Chemical Co，St Louis，MO，USA SodilnTl fluoride 

(NaF)purchasedfromBeijthgChemicalsCompanywas 

analytical grade． Fetul bovine serun2 【FBS) was 

purchased from sijiqing Biologic Engineering Co， 
Hangzhou． Newbom bo vine hearts and aol't．as were 

purchased from a 1ocal slau曲 terhouse． 

Cell culture BAEC were isolated from the 

aortas of bovines and cultm~ as previously describ一 

0 。。。J
． BEE were culturedfrom bovine hearts bythe 
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method ofMebazaa AL⋯． Briefly，atria，valve tissue， 

and chor'dae tendineae were removed from freshly 

isolated newborn bovine hearts． e ventricles were 

n1led with 0 1％ collugenase (type I A 1 in 

phosphate-buffered saline (PBS) and incubated at 

37 L℃ for 45 min． e~side of each veiltricle was 

gently robbed with a cell scrape r to remove loosely 

attached cells． 1he cell suspension was removed ．and 

spun at100×g for10min． epelletwas suspe nded 

-n M l99 medium supplemented with 20 ％ H≥S． 

benzyl-pe~licillin l00 kU ．L ～ ，streptomycin l00 mg‘ 

L ． Al1 cultures showed typicalmorphology． These 

cells were identified by electron microscopy． Cells 

(from passage 4to10)were plated for experimentsin 

24一well culture dishes at a density ofl×l沪 cells／cm2． 

andincubated at37℃ under air containing 5％ C ． 

Measuren~nt of ectolltUCleotidase activities 

withHPLC~11】 11le ability to hydrolyze nueleotide 

represented ectonucleotidase activities． e nueleotide 

was analyzed by reversed phase 唧 C． e 

chromatograph consisted ofK510 pum p，Lambda-Max 

Model 490 u1traviolet detector，Sphefisorb C18 column 

(250 illra×4．6 turn ID，5 particle size)，K501 

injector valve，and Waters system interface module． 

Except for C18 column (Daftan Institute of 

Chemicophysics，Chinese Academy of Sciences)，the 

other abo ve apparatus were purchased from W aters 

(USA)． 11le detector was set at 254 fllil． Samples 

(25 luL ection) were eluted with KH2PO4 20O 

mmol·L (adjusted to pH 6 with NH4OH)f0r 45 

min e solvent flow rate was 0．4 JT1L，min． 

Enzymic assays by inorganic phosphate 

release intact BEEC were plated in 24一well culture 

dishes． each well was incubated in 1 mL of 50 

mmol‘L T s／l{a (pH 7．4)containing CaCl2 l 

mmol·L一 and ADP 500 p．mol·L_。for 30mil1．and 

free phosphate release was determined： 一 One U 

of apyrase activity correspondstothe amount of enzyme 

which catalyzes the liberation of l nmol inorganic 

phosphate／minat 30℃ ． 

Statistical analysis Results were presentedas 

j±s and analyzed by t test． 

BEEC {list before ADP addition． e inllibitot for 

Na ／K 一ATPase． ouabaln． did not affect apylnse 

activity． The addition of edetic acid 5 mmol·L一 

completely inhibited the activities． Ap5A，inhibitor of 

adenylate kinase，had alittle effect on apyrase activity， 

whereas botbN andNaF cogldmarkedlyjnhibitthe 

enzyme aetivity (Tab Ij 

Tab1． Effect ofintu~itors on BEEC apyrase activity． 

Results were the 2 ± s of 5 independeaat experiments 

each intriplicate． Theapyrase activityin ctmtrol group 

was(1．63±O．24)U perl0。cells 

Modulation of BEEC apyrase activity by 

HzOz Stimulating BEEC by 02 0．5 mmol‘L 

resulted in a ralcIid lOSS of Ⅱle apyrase activity 

Apymseactivity，as determined byinorganic phosphate 

mlease from ADP， showed comparable patterns of 

inhibition atⅡle time intervals exaramed A trend 

towards innbition was observed as early as 60min aft er 

stimulation，andwasmaximal by 8 h【Tab 2)． 

Tab 2． Modulation of BEEC atryt'a~ activity by O2 

O．5mmol·L一 ． Results were ± s of 5 independent 

experhnents c each in triplicate)． <0．05．cp<0．01 

0 time． 

Ttme／h Ac~vity／U perl旷 ceils 

l 63±0．24 

l 5O±0 29 

1 25±0 

0 98±O 2 

0．84±O 2l 

activity between bovine endocardial and aorta 

RESULTS 

Effects of selected inhibitors oil BEEC time until almost 60 min of incubation No Iransient 

apyrase activity The inhibitors were added to acenmulafion ofADPwas seenandtheconcentration of 
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AMP incmased rapidly(Fig 1) Atier incubation with 

1Rucleotides 500 itmol·L一。for 2 h．BEEc decreased 

ArrPto the COncentration f(155±2】)／．ano1．L一。 

60 ± 19】 t,mol‘L f0r BAEC group， n ： 6 

independent expemnents，P<0．0l J，decreased ADP 

tothe concentratiou[(110±30) · Ⅷ ( ±．umol L 20 

13)tanol。L 衙 BAEc group，n=6 independent 

experiments．P <0 Ol 1．and decreased AM_P to the 

COllCelltratiorl【0 tanol‘L (346±29)pmol·L。。 

forBAEC group． =6independe nt experiments．P< 

0．0l J． These results showeelthat apyrases acfivitiesin 

BABC welt?hi曲盯 than thatin BEEC，whilethe ecto- 

AMPase acfivity in BABC was much weaker than that 

in BEEc． 

DISCUSSIoN 

ApD'~se activity has been reported in vascular 

endothelial cellsL “
． The results reported here 

demonstrated for the first time that bovine endocardial 

endothefial cell also had apyrase． Our results showed 

that well—known apyrase inhibitors， both NaNa and 

NaF，c0uld markedly ir~'tibit B旺 C apyease activity． 

The inhibitor for Na ／K 一A1R ，ouabah1．did not 

affect apyrase activity． Edetic acid completely inhibit— 

ed the activities．suggesting that BEEC apyrase acdvity 

depended on divalent cations (Tab 1)． Our these 

results were closely in accordance with the rgsuIts 

reported in various other dssuesi“· 一 

SO f there ale afew report regardingthemodula— 

fion of apyrase[ 一 Studies showed  that vascular 

EC apyrase activity was rapidly lost following ischemia- 

reperfusion injmy and during xenograft mjecdonL ‘ ． 

and that aspirin could upmgulate human endothelial 

cells apyrase ． The present experiments showed that 

could downreguLate B旺 C apyrase activity，which 

was hi agreement with the studies／17J
． These 

researchers showed that loss of rat glomemlar a0yrase 

activity during reperfusion injury was associated with 
oxidative s“ess reactions 

We compared the kinetics of extracellular 

nucleotide hydrolysis iit BAEC 、vith that in BEEC． 

0 30 60 90 120 0 30 60 90 120 0 30 60 90 1．7,0 

0 30 60 90 1．7,0 0 30 60 90 120 0 30 60 90 120 

Time，min 

Fig 1． Hydrolysis ofextraeellularaderIine nudeotides(50opmol·LI1) cultured瑚 EC(D，E，F)andBAEC(A．B 

C)．霉±s of6~adependemexperiments．Suh~trates：AandD：册 c0)，BandE：ADP(●)，CtaxiF：AMP c x) 

枷 枷 瑚 瑚 m 0 

枷 枷 瑚 瑚 啪 0 

I_ 
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Our resuits showed that the ecto．ATPase and ecto- 

ADPase activities in BE酏 were weaker than those in H 

BAEC．while the ecto—AMPase activitv in BEEc was 

much higher tharl that in BAEC． 1 e difference may 

be dueto tissue pasticulahtv 9 

The physiological function of BEEc apyrase is not 

known． One possible l 0n is to prevent thrombotic 

diseases such as endccarditis and rheumatic valvuhfis． 

and to prevent rejection of discordant xenografi， 

because platelet activation and aggregation areimportant 

factors in the mediation of vascular and cardiac l_ 

inflammation and are specifically associated with the 

reiection of discordant xenograf{0一 -lq，册J． Ⅵ iIe 

ADP is the most important platelet agonist．and now 

endothelial cell apyrase is known  as most important 12 

vascular “thromboregulatory”systems 。 
． Moreover． 

it has been shown that apyii~e achdinistration coilld 

prolong discordant xenograft survivalL 
． 

Another l3 

possiblefunction of BEEC apyrase is to protect BEEC 

from apo ptosis or death．because that A_rP and ADP 

could induce vascular endothelial cell apoptosis through l4 

the activation ofP2~ torsandtheactivation ofNF_K 

B ，andthat apymse could preventmacrophage death 

induced by ATPL21一． 
l5 
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培养的牛心内膜内皮细胞水解细胞外腺苷酸 

i ； 2， 

曼童堡，盟圭兰，谌立伟，曾珊，郭兆贵 
(湖南医科大学分子药理研究室，长沙41(3078， 

中国) 

关键词 腺苷三磷酸双磷酸酶；心内膜；血管内 

皮；腺苷酸类；叠氮钠；氟化钠； 巨面 依 
—  — — —  ～  — — -

— — 一  

过氧化氢

碍 e 
目的：研究牛心内膜内皮细胞(BEEC)腺苷三磷酸 

双磷酸酶(apyrase)的特性并比较牛心内膜及血管 

内皮细胞的胞外腺苷酸酶活性． 方法：以反相 

本部邮购科学出版社书讯(生物学类) 

HPLC测定核苷酸含量． 磷离子释放法检测 

apyrase活性 结果：叠氮钠 10 mmol—L 和氟化 

钠 2O rnn~l·L。。分别抑制 BEEC apymse 51％及 

38％活性，而Na ／K 一ATP酶抑制剂哇巴因则对 

BEEC apyrase活性无影响． 过氧化氢 0 5 mmol— 

L‘。呈时间依赖性地抑制心内膜内皮细胞apymse 

活性． BEEC的 apyrase活性低于主动脉内皮细胞 

的apyrase活性，而BEEC的胞外 AMP酶则远较血 

管内皮细胞的活性高 结论：BEEC apyrase具有 

叠氮钠和氟化钠敏感的、哇巴因不敏感的特性； 

与血管内皮细胞相比，BEEC apyrase活性较高而胞 

外 AMP酶活性较低 
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