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Inhibition of 5 一chloro一5’一de0xyaden0sine on ph0sph0in0sitide 

and protein ph0sph0rylati0n in swine platelets 

DING Ke—Hong。，LIANG Nian—Ci 

(Department Biochemistry，Guangdo~g Medical College，Zha叫 ang 524023，China) 

AIM ： To study ti1e effects of adenosine on 

the ph0sph0ryIation of phosphoinositides and 

proteins in platelets． M ETItODS： In the 

presence of Mg and／or Ca”．swine throm- 

bocytie membranes were incubated with 

r P]ATP at 30℃ for 3 min and the intor— 
porations of 。 P into phosph0lipids or pro- 

teins were measured． RESULTS： 5 一 

Chloro一5 一deoxyadenosine decreased the f0r- 

mation of ph08phatidyIin0sit0I 4-phosphate 

and phosphatidylinositol 4， 5-hisphosphate 

[ic5o 71 and 75(95 confidence 1fruits 6o一 

85 and 62--90)／~mol·L_。，respectively]，be— 
having as a com petitive inhibitor to ATP，and 

inhibited the ph0sph0rylation of pieekstrin 

(the majot protein kinase C substrate)and 

myosin light chain[ic5o75 and 82(95 con- 
fidence Iimits 62— 90 and 66-- 102)／xmo1·L_。． 

respectively]． c0NcLus卫0N： Adenosine 
affects the pho ph。inositide signaling pathway 

in platelets，which helps to clarify the inhibi— 

tion of adenosine on platelet activation． 
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Blood platelet activation by agonists such 

as thrombin and collagen is associated with 

the hydrolysis of phosphatidylinositol 4，5-bis— 

phosphate (PI一4，5一P2)through the activation 

of phospholipase C and the subsequent pro— 

duction of the second messengers，1，2-diacyl— 

glycerol (DG ) and inositol—I，4，5-trisphos— 

phate (IP )~1 3．DG activates protein kinase C 

(PKC ) in the presence of Ca” and phos— 

phatidylserine， wherease IP3 induces the re． 

1ease of Ca” from the dense tubular system． 

The two events are contributed in a synergis— 

tie manner to activate blood platelets，name— 

ly， shape change， secretion， and aggrega— 

tion cz)
．  

Adenosine．a rtaturaI purine metabolite 

that has potent antiplatelet activity，is contin— 

uously produced in the bod y by many tis— 

sues ．It is previously thought that adenosine 

actions in platelets are mediated via its binding 

to specific receptors (A2) which stimulate 

membrane adenylate cyclase and increase in． 

tracellular cAMP levels． However，a change 

in cAMP is neither necessary nor sufficient for 

platelet activation ”．Adenosine maY resuIt in 

activation of phospholipase C and／or mobiliza． 

tion of intracellular Ca in many other 

cells‘ ．In order to elucidate the mechanism 0f 

adenosine on antiplatelet actions，in this study 

we examined the elfects of 5 ．chloro一5 一de— 

oxyadenosine(CI—Ado)on phosphory1ation of 

phosphoinositides and proteins in swine 

platelets． The analog was used because it is 

not metabolized by adenosine kinase or adeno— 

sine deaminase ． 

MATERIALS AND METHoDS 

Proj~ct} pported by the Nadorm[Natura【Seience Founda— 

tion of Chinat№ 3880443． Reagents C1一Ado， ATP (Sigma)． Phos一 

N。 Sh ghai lnstit“ Phxsiology·Chi~se Academy phatidylinositoi 4-phosphate (PI一4一P)and PI一4
， 5-P2 

5㈣  t鼽  咖  唧 枷· Ⅲ - were prepared from bovine hrain(J_ [ P]ATP(285 

Recei~d I994-06-06 Aecepted l994—09—30 GBq·mol )was fr0m Amersham
． _A【l other chemi— 
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calswere of AR． 

preparation of—atelet lnentbranes Thrombo- 

cytic membrane proteins were prepared from pig 

platelets by．differentlai centrifugation ． ‘ 

M easure ment of phospholnositides Phospho 

jnositides were assayed at 30 C in a 100-~L finaI reac— 

t[on volume consisting of Tris HCI 4O mfflo卜L一。，pH 

7．4，MgCI，15 mmoL-L～ t KCI 100 mmol·L一 ·PI一4一P 

5O ttnlol-L一。(so n[cated with Tris一}ICl 10 mmol·L～ ， 

pH 7．4，at 30 c for 3 min previously)，[ _12P~ATP 
50 pmoL·L～ ，and about 0．5 g·L一。proteins．The re— 

action was started by the addition of ATP and termi 

nated 3 min Iater by addition of 500 “L 0f ice—cold 

ehloroform／methanoI／12 moI·L一 }IcI(800l 400：3， 

vo1 0 vo1)． The iipids were extracted after addition of 

carrier polyphosphoinositides and separated by thin— 

layer chromatography． Lipids were detected with I} 

vapor．The spots were scraped OUt and were est mated 

by I quid scintillation counting． 

Prgteht ph0sph棚 yI ．Ion assay The phosphory- 

lation assay was performed 。 ． Briefly．the ncuba 

tions were carried  out at 30 C for 3minin afina【voi— 

ume of 1OOⅡL．The reaction mixtures contajned Tris一 

}ICl 40 mmol-L ，pH 7．4，M gC12 15 mmol·L～ ， 

CaCl2 5 mmol·L～+[ 。P]ATP 50 t~mol·I ，about 

100——200 gg proteins． Reactions were initiated by 

adding ATP and stOpped  by adding trichoroacetic acid 

to a fina【concentration of 8 ． Samples were con 

trifugalized at 10 000× g for 5 rain．Tk  precipitates 

were washed twice with cold acetone．air dried．and 

mixed with 100 t,t of the sample buffer(62．5 m~tloI 

· L～ Tris一}IC1，pH 6．8，2 sodium dudecy【sulfate， 

5 2 mereaptoethanoi， 10 glycerol+ 0．OOl 

bmmphenoI blue)．Pmteins were electrophoresed on a 

0．1 aDS一 10 poiyacrylamide slab gels． Gels 

were stained with Coonmssie brilliBnt blue．dried and 

analyzed by autoradlography．Radioactivity of P la— 

beled proteins was quantified by liquid scintillation 

counting． 

Protein estimation Protein concentratiDOS were 

determined。。 ． using  

standard． 

Statistical analysis 

analyze the differences 

treated groups． 

bovine Serum albumin as 

Unpa~ed t-test was used to 

between controls and C【Ado 

RESULTS AND DISCUSS10N 

CI—Ado dose—dependently inhibited PI一4一P 

and PI 4．5 P labeling (Fig 1)．IC5。was 71 

and 75 (95 confidence limits 6O一 85 and 62 

— 90)Fmol·L一‘．respectively．The inhibition 

was particularly sensitive to PI——4—-P Inrmation 

at C1一Ado 20— 40．umol·L (64 of control 

incubations at 40／~mol·L一 )and for P1—4，5-P2 

production at 2O一 60 vmol·L CI—Ado (53 

of control incubations at C1一Ado 60 mol 

·L )． 

Fig 1． Inhibition of CI—Ado on phosphoinosilide 

phusphorylation． 月一 6+i土 ． 。P< O．05， P< O．O1， 

Pl contro1． ”P radioactivity in PI一4-P and PI一4，5-P】 

In ~ont~oI Ineubation was 28．7土 0．4 and 10．4土 0．2 

nmoi·ra in ／mg protein，respectively． 

The ioh[bition of CI—Ado on PI一4．5-P。 

formation showed in this experiment is impli— 

cated in the decreased production of the two 

second messengers．In addition，the level of 

PI一4一P，as a precursor of DG production，also 

influences DG of formation． 

The inhibition of pho5phoinositide phos— 

phorylation by C1一ado was competitive with 

respect to ATP (Fig 2)，suggesting a direct 

interaction of the nucleosides with the kina5一 

es． The activation of ph0sphatidylin0sitol 

(PI)and PI一4一P kinases was shown in absence 

of C1一Ado，the K for ATP was 9O and 80 

,umol‘L一 ， respectively， and the mx was 

0．83 and 0．57 omo卜min一。，respectively． 

The ph05ph0rylatl0n 0f 20一and 40一kDa 

proteins in platelets was inhibited with 
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Fig 2． Inhibition of CI—Ado on phospholnositide 

ph0岛phoryla慵m ：LIneweaver—Burik plot； n一 4． 

increasing Cl—Ado concentrati0ns 2O 一 160 

vmol·L (Fig 3)． the inhibition of phospho— 

rylation of 40． kDa protein by CI． Ado was 

more sensitive than that of 2o．kDa protein， 

IC5o fOr 20一and 40一kDa proteins were 82 and 

75(95 confidence limits 66— 1O2 and 62— 

90)vmol·L-。，respectively． 

Fig 3- lnlflblUon of CI—Ado OR phosphoryiation of 

myosin IJght chain (0 )and pleckstrtn (● )In 

platelets． 一6， 士 ． P< 0．01 contro1． 

It has been identified in plate]ets that 4O 

一

47 kDa protein term ed pleckstrin． of all— 

known function， is the main substrate for 

PKC ⋯ ，and 20 kDa protein is myosin light 

chain (M LC)，which is a substrate for both 

PKC and Ca ／calmodulin—dependent myosin 

light chain kinase (M LCK ) ． PKC and 

MLCK are associated with activation of blood 

platelets． The results indicated in our experi— 

merits suggest that CI— Ado may act 8s an in‘ 

hibitor of PKC and／or MLCK．As mentioned 

ahove，PI一4，5-P2 and PI 4一P can activate PKC 

in a phosphatidyIsefine—dependent manner．A 

decrease of PI 4，5-P，and PI一4一P pfoduct{on 

bv cl—Ad0 may cause the reduction of phos— 

phorylation ot pleckstrin and M LC． The inhi— 

bition of PI一4，5-P2 and PI一4一P formation may 

also cause the dissociation of PKC from mem— 

branes， which reduces the ph。sphpory1ati。n 

of PKC substrates，including pleckstrin and 

M LC in blood platelets． 

In summary， this study demonstrated 

that C1一Ado， behaving as a competitive in- 

hibitor with respect to ATP， inhibited the 

turnover of phosphoinositides and the phos— 

phorylation of pleckstrin and M LC in blood 

platelets，by which with effects on other pos— 

sible steps in inositol phospholipid signaling 

pathway it inhibits blood platelet activation 

(Fig 4)． This work primarily provides evi— 

dence that helps to clarify the mechanism of 

adenosine antiplatelet actions． 
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目的：研究腺苷对血小板 中肌醇磷脂和蛋白质 

磷 酸化的影响． 方法 在 Mg 和／或 Ca”存 

在 下，用猪血小板膜与 _32P]ATP在30℃下 

保 温3 min，测定 P掺入磷脂或 蛋 白质． 结 

果：5 。氯一5 。脱氧腺苷减少磷脂 酰肌醇-4-磷 

酸和磷脂酰肌醇一4，5-二磷酸的生成FIC 分别 

为71和75(95 可信限分别为60—85和62— 

90) mo1．LI1]，抑制与 ATP呈竞争性，并抑 

制 pleckstrin(c激酶主要底物)和肌球蛋白轻 

链的磷酸化FIC 。分别为75和82(95 可信限 

分别为62—90和66—102)pmol·L ]． 结论 

腺苷影响血小板中肌醇磷脂信使通路 ，这有助 

于阐明腺苷对血小板活化的抑制作用． 

关-调嬖宣； ；塑 壁壅!萼 用 
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