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Regulatory role of protein tyrosine phosphorylation 

in platdet activating factor-induced signal transduction in platelets 
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ABS．I]RACT 

AⅣ ： To study the role of protein t)a'osine 

phosphorylation (PrP) in platelet activating 

factor(PAF)．induced platelet si~ml transduetion 

cascade． M时盯 )DS：Wasbed tabbit platelets 

were used to test the inhibitorv effect of genistein 

L Gen)on platelet aggregation and semtonin 

secretion．Intracellular Ca2 ([ca2 ]．)and pH 

【pH )were measured by a dual wavelength 

fluorophotometer with Fura 2．AM and BCECF_ 

AM． FI-p waS determined with a specific anti． 

phosphobTosine monoelonal antibody by Westem 

blotting ． REs1Ⅱ ： Pietreatment th Gen 

(100 and 2OO 01．L )inhibited PAF (20 

ranol·L一 、．stimulated platelet semtonin release 

bv 23．7％ -4-2．0％ and 41％ ±8％ ．respec． 

tively． Sinailar itthibitory effects of Gen were 

observed on PAF-evoked i]'lcrease of l c 1．and 

intracellular alkalization． PAF also elicited a 

pronounced inerease in PTP of several bands th 

M，70 0【)0，60 0【)0，5O oo0，42 000／40 oo0， 

and 34 000，whichwere suppressedmarkedly bv 

Gen 2OO and 400 funol·L_。． PretrOalment th 
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staumsporine(Sta)20 nnlo1．L_。，BAPTA 200 

ttrnol·L_。．and egtazie acid 2 mmol·L一 to 

inhibit PKC aetivation，l Ca2 1．elevation，and 

C influx respectively． also showed an 

inhibitory effects on the foFn3ation of PJ_1P． 

CONCLUSION： P1_1P is involved in multiple 

signal wansduction pathways induced I)v PAF，on 
which PKC activation and calcium  mobilization 

play a regulatory role． 

INTRODUCTION 

There is an increasing body of evidence for 

the important role of protein tyrosine phos- 

phorylation(PJ_1P)facilitated by tymsine kinases 

in the regulation of cell functions． Platelets 

possess a high level of nonrc~eptor protein- 

~xosine kinases (P1X) activity，and the 

activation of platelets ale accompanied by rapid 

tyrosine-specifie phosphorylation of many platelet 
proteins” 

． The increased tyrosine phosphoryla- 

tion is involved jn signal transduction pathways． 

such as the elevation Of Caz ，PKC activation， 

and regulation of arachidonic acid release~2,3 J
． 

But the precise role of PJ_1P and the regulatory 

mechanism involved have not yet clearly eluci- 

dated．especially about protein phosphoryhtion- 

associated intracelular signaling processes． 

Phtelet activating factor(PAF)，as a pro- 

inflanunatory mediator，activates platelets via G- 

protein coupled receptors． Recent evidence 

suggested that an association existed among the 

G-protein coupled receptor wit}l PTK．phosphati— 

dylinositol 3．kinase (PI．3 kinase)． PTK is also 

involved in PAF receptor-coupled phospholipase 

C activation ， ． 
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The present study attempted to further 

define the platelet events that were regulated by 

．

tyrosine phosphorylation and to specify the 

possible molecular interactions that coupled PTK 

th receptor-triggered signaling pathways． 

M A皿 R LI AND M匝I1}I()DS 

Materials Genislein (Fen)， platelet 

activating factor(PAF)，indometacin(Ind)， 

staumsporine(Sta)，semtonin(5-FITj，BAPrA 

l 5，5 一dimethyl_bis一(o-aminophenoxy)一ethane— 

N．N，N|，N 一tetracetic acid ， egtazic acid， 

MezSO，phenylmethylsulfonyltluoride(PMSF)， 

o—phthaldialdehyde(OPA)．Na3V04，Triton X一 

1010． HE：PES． and antiphosphotymsine mono— 

clonal antibody were purehased from Sigma Co． 

Rainbow Molecular Weight~ rkers(43—2【x】 

kDa)，horseradish peroxidase—conjugated goat 

anti-Inollse IgG，ECL detection reagents，and 

nitrocellulose Inenlbrafles were from Huamei 

Biotechnofogy Inc， Shangtmi． Western blot 

chemilumineseence reagent was from NEN Life 

Science． Fura 2一AM and BCECF-AM were from 

Moleculm-Probes Co． 

Platelet preparation and activation 

Washed rabbit platdets were prepared~ ，and 

resuspended in呱 PEs-buffered solution(HBS) 

【NaCl 145，KCl 5．MgC12 l，NaH2PO4 0．5， 

glucose 10．HEPES 10 mmol-L_。．and BSA 

0．1％，pH 7．4，ap)xase l mg。L～，Ind 0．1 

tool·L一 )． Platelets(1 x 10 ·L一 )were 

activated th PAF 20 mnol·L in the presence 

0f C l mmol·L_。under stirring condition． 

Platelets were incubated 山 Fe n or Fe n vehicle 

C<1％ Me2SO)．BAPrrA 2o0 vanol。L一 ，Sta 

20 ilmol·L_。．and egtazic acid 2 mmol·L 

30 min before PAF stimulation． Activation was 

terminale(1 by the addition of an equal volunse of 

ice．cold lysis buffer(Tris·Cl lO．Naa 150， 

egtazic acid l，Na3V l，PMSF l rmno]。L～ ， 

l％ ton x_l00．pH 7．2)． rnIely~teswere 

centrifuged at 12 000 x g at 4 oC for 10 min． 

Protein concentration was estimated 7．1
． In otller 

experiments，platelets(4 x 10“·L )were used 

to test tlle effects of Fe n on nJatelet activation． 

Platelet aggregation and 5-HlT release 

Platelet aggregation was monitored photometri— 

cally using a dual channel aggregometer(Type 

DAM一1 at 37 ． P1atelet 5一HT secretion was 

quantitated by a fluorimetrie me山od according to 

山e principle that 5一I-IT fonTIS a fluorephore witll 

OPA．which was detemlined witll a spectmfluori— 

meter(Rn5000，Shimadzu，Japan)Ls：． 

Measurement of[ca2 ]i and p 

Platelets were preincubated at 37 oC 山 eitller 

Fe n or MezSO control for 30 min and washed 

once to relTlOve Fe n or Me2SO for avoiding tlle 

interruption of Fen on fluorescence signals，then 

loaded th Fura 2-AM l tmaol·L and BCECF- 

AM 2 wnol·L f0r 3O min． F1uoreseeflce was 

monitored witll a soectmfluorimeter． ne 

[ca2 ] and pH wereassayed 6-qJ． 

Determination of tyrosine phosphory- 

lation by Western btott~ Platelet lysates 

(40 track)were boiled at 95 oC for 5 min in 

4times Lammli’s sample buffer．and subrnitted to 

SDS_PAGE in 7．5 ％ SDS ge1． Proteins were 

transferred to nitrocellulose menlbrane， which 

was blocked for l h with 5 ％ BSA in PBsT 

(Na2HP04 8O，NaH2PO4 20，NaC1 100 mmol。 

L～ containing 0．05％ Tween-20)． 11he blors 

were incubated tIl the prinlary anti．phos— 

phot3a'osine monoe]onal antibody at a l： ∞0 

dilution for l h and washed four times in PBsT． 

AntilDdv binding was detected using l：500 

horseradish pemxidase-conj’uga~ed goat anti— 

Inouse kG and visualized th enhanced 

chemiluminescence reaction reagents on Koniea 

X-ray film and quantitated by densitometIy(Cs_ 

93o．Japan) ． 

Statistical analysis Data were expressed 

as王-4-s and assessed by ANOVA and t-test． 
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REsI】I I 

EITeets of Gen On 5．HT release and 

platelet aggregation Gen 100 and 200／~rnol‘ 

L suppressed PAF-stimulated 5一HT release bv 

23．7％ ±2．0％ and 4l％ ±8％ ．respectively 

( I 1]． 

Tab 1． Effect of Gen on PAF-stimulated platelet 5- 

lit release． n =4 independent experiments，the 

average of tri#icate constitutes one determination． 

±S． P<0．01 control([ca2 】。1 mmol· 
L一1 

E佛ects of Gen Oil PAF．evoked shifts in 

[Ca2 ]i and In the presence of Ca2 l 

~nllo]·L～，PAF increased[ca2 ] [A[ca2 ]． 
= (548±81)nmo l·L and intraee~ular 

alkalization(ApH．=0．13±0．叭)． Pretreat— 

ment th Gen 100 and 200 mnol·L inhibited 

the increase in l C J and pHi significantly 

( I 2，Fig 1)． 

Tab 2． Efleet of Gcn on PAF_evoked slfifts _m 

[Ca2 】i anti pHi． n=5 independenl e：q~eriments． 
the average of U'iplicate constitutes one 

determination． ± S． >0．05． P<0．01 PS 

control“ca2 ]。1 nmml·L )． 

△1ca2 ]．／nr,~t·L～ ApH， 

Control 

Gen vehicle(<l 

Gen100 -L 

Gen 2C0ⅡⅡtol·L 

0．130±0．014 

0．129±0．01 

0． 70±0． 

0．020±0．01 

W estern blotting for m  Up stimulation 
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Fig1． Fura(A)and BCEC~ (B)fluorescence 

tracings in response to PAF (20 m ol·L～， 

arrow)-mthepresence ofGen100 anti 20O Dmol· 

L一 ． 

by PAF 20 nrr．1·L一 ，there WaS a pronounceel 

increase iI1 PrP of several bands wi山 

70 0o0．6o 0_D0．50 0_D0．42 oo【)／4JD 0_D0．and 

34 0()0． Pretrea~nent th Gen 2o0 and 400 

b~'nol·L markedly decreased the levels of PrP 

relative to its contro1． n most noticeable 

i儿hibition by Gen WaS f0r 50．6o． 70 kDa 

protein． Sta 20 nmol·L一 sho~ d a similar 

inhibition on PIP． Pretreatment with BAPrA 

200 m。l·L— and egtazie acid 2 I11ITl0l·L一 ． 

which blocked[cJ ] elevation and ca2 influx 
respectively．alSO reduced the formation of PrP 

(Fig 2)． 

D= C【IsSI("i 

In the present study，we demonstrated that 

genistein，a PTK inhibitor，produced significant 

inhibition of platelet aggregation，semtonin secre— 

tion，inUaeeULllar Ca2 mobilization and Na ／ 

H exchange aetivation-induced by PAF，sug- 

gestingthatPrP playedan importantrolein all of 
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Fig 2． Ef妇 缸 of different treai~mpnts on PAF- 

induced tyn phosphorylation by Western 

laoteng． Lane 1．unsfimulated platelets；lane 2． 

PAl?；lane 3—4，Gcn(200 or 400 pmol-LI1)+ 

PAF；lane 5—7．Sta，BAPTA， egtazic acid+ 

PAF． 

these events． P1atelets contain high level of 

PrK， mainly due to pN0 ， pp72 ． 
pp125 AK、 ， 

． In this study．an increase in 

PTP produced bv P̂ F focused on several bands 

with M 70 O0o，60 O0o，50 O0o．42 o00／ 

40 o()o．34 o()o．which are ma inlv substrates of 

pp60~ ．pp72 ’ ． Some high—molecular 

lnass PTP could not be detected． I1】e disere． 

paneies conlpamd wiifi o山er reports may be due 

to different isolation procedures or antibodies 

used and SDS gel mtalvsisL 12J
． Previous studies 

suggested that aggregation--dependent phosphory-- 

lation might be required for events associated 

diiectly Ih aggregation or downstream of 

aggregation．pp125 may be a candidate【。 
． 

In our study．the substrates of pp125 ．95／97 

kDa PTP was not detected ， so it remained 

unclear whether lower dose of Gen had the saloe 

inhibitor"effect off specific protein phospho~-la- 

tion in an aggregation-dependent fashion． In 

addition． OUF results also indieated that pl'p 

could be I~locked bv Sta．suggesting山at PTP is 

consecutive to PKC activation and dependent on 

it． Treatment with the intracellular Ca2 

chelator BM3TA and egta~c acid also sustairrs 

the PTP，indicating that Ca2 is necessary fbr the 

negative regulatory ． I11 i
．

signals e nhibitorv effect 

of Gen。on PAF-evoked Ca2 increase suggested 

that雕 participated in 山e mechanisms of 

intracellular Ca2 acemnulation
． 
Finallv．our 

results first indicated that PTP had a role on the 

activation of Na ／H exchange， v&ieh was 

controlled by phosphorylation of the exchanger 

protein and regulated by sonic etmmaes．associated 

th Fq'K~ 
．  

In SUnllnarv，this studv demonstrated that 

PTP was involved in multiple signal transduetion 

pathways inducx~d by PAF． PKC activation and 

Ca2 signals play a mle in PTP regulation
． 
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蛋白酪氨酸磷酸化在血小板激活因子诱导 

血小板信号传导中的调节 f ；』、f 

曾珊，易富贤，郭兆毒 (湖南医科大学 
理研究室， 78，中国 

门 
关键词 血小板激活因子；genlstein；酪氨酸；磷 

酸化；血小板聚集；血清素；钙；钠／氢反向输运； 

蛋白质印迹但J 韬传晋 、̂ l“-’J I、 
目的：研究蛋白酪氨酸磷酸化(P憎)在血小板激活 

因子(PAF)诱导血小板信号传导中的作用． 方法： 

用水洗兔血小板考查 Gen抑制聚集及 5一羟色胺释 

放，Fura 2和 BCECF负载测胞内钙及 pH，特异性 

抗酪氨酸单抗及免疫印迹法检测 Fq'P．结果：Gen 

100和2OO,umol-L 分别抑制 队F诱导的5．羟色胺 

释放为23．7％±2．0％及41％±8％，对胞内钙 

增加和 Na ／H 交换也有抑制作用 PAF增加 !” 

为70 000，60 000，50 000，42 000／40 000，34 000的 

PTP．Gen 200，400 10l·L 明显抑制该效应． 

用sta 20 nmol·L ，BAPTA 200tunol·L～，依他酸 

2 mmol·L～，分别阻断PKC及胞内钙增加和内流， 

也减少 PTP形成． 结论：PTP参与 PAF诱导血小 

板信号传导途径，PKC活化和胞内钙动员对PrP 

有调节作用． 

1999全国痹证学术研讨会征文通知 

(责任编辑 杨如华) 

中医痹证包括现代医学所说之风湿性关节炎、类风湿性关节炎、风湿热、骨关节炎、纤维组织炎 

及神经痛等，为发掘祖国医学文化遗产，促进中西医学在痹证诊治方面的结合． 中国中医药学会决定 

于 1999年7—8月在安徽黄山举办“ 99全国痹证学术研讨会”，本次会议由安徽中医临床杂志社承办，现 

面向全国临床医药界广泛征稿． 

征文主要内容 ① 痹证诊治的近现代研究成果总结及国外研究近况综述．② 痹证发生发展转归 

规律探讨及类风湿性关节炎的流行病学及免疫学研究．③ 现代医学对痹证所包括的各种疾病的诊断及 

鉴别诊断研究 ④ 临床诊治痹证及其并发、后遗症经验总结及临床用药规律探讨．⑤ 痹证的临床护 

理经验及功能恢复方法介绍．⑥ 痹证的中医古代文献整理及近现代名医经验介绍．⑦ 民问单方验方 

及特种疗法(包括针灸、推拿、气功、理疗等)的介绍．⑧ 临床常用治疗痹证中成药疗效分析及新药临 

床验证报告 ⑨ 其他相关内容． 
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