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SUMMARY
Agglutination of human platelets by bovine von Willebrand factor contrast to its effects on vWF, ADP enhanced agglutination
(vWF) or by human vWF in the presence of ristocetin is inhibited induced by wheat germ lectin. ADP caused a small decrease in
by ADP and by several other platelet agonists but not by epi- the number and affinity of binding sites for vWF on platelets, too
nephrine. Vincristine, which causes a shape change by disrupting small to explain the inhibition of agglutination. The ability of ADP
microtubules, neither inhibited agglutination nor blocked the ef- and other agonists to inhibit agglutination appears to be related
fect of ADP. The action of ADP was blocked by ATP, by p-
fluorosulfonylbenzoyladenosine, and by the thiol-reactive re-
agents cytochalasin A and p-chloromercuribenzenesulfonate. In

neither to inhibition of adenylate cyclase nor to the loss of their
discoid shape but rather to the membrane changes that accom-
pany the shape change.

vWF is a plasma glycoprotein required for the normal adhe- Cohen et al. (1 1) showed that ADP inhibits the agglutination

sion of platelets to subendothelial tissue (1). Its absence in von of thrombasthenic platelets by vWF and ristocetin, and Grant

Willebrand’s disease is associated with a bleeding tendency and et al. (12) observed the same effects with normal human plate-

prolonged bleeding time. In the presence of the antibiotic lets and bovine or porcine vWF. Our goal was to determine

ristocetin, vWF causes platelets to agglutinate (2). This agglu- whether the effect of ADP is associated with the shape change

tination, in contrast to aggregation, does not require Ca2� and and platelet activation or with effects on cyclic AMP metabo-

occurs even when the platelets have been fixed (3). Bovine and lism.

porcine vWF can bind directly to human platelets and agglu-

tinate them without ristocetin (3, 4). Platelets from patients

.

Materials and Methods
with the Bernard-Soulier syndrome, which lack GPIb, are not

.
agglutinated by vWF and do not adhere normally to the sub-

. .
endothehal matrix (5).

Platelet activation by ADP is associated with a change in the

shape of the cell from a disk to an irregular spiny sphere with

. . .
Buffers. Tris-saline was 10 mM Trizma base, 150 mM NaCl, adjusted

. , .
to pH 7.4 with HC1. Wash Buffer A was Tyrode s buffer (13) containing

22 mM Na3 citrate, 5.5 mM glucose, 5.5 x i0� M (3.5 g/liter) bovine

serum albumin, and 0.05 units/ml apyrase, adjusted to pH 6.5 by

addition of 1 M citric acid.

pseudopods (6), accompanied by a transient increase in the Reagents. Bovine vWF was purified from bovine plasma (14) and

phosphorylation of platelet myosin light chain (7). ADP also labeled with 125! by the lodogen procedure (15) to approximately 1 atom

inhibits adenylate cyclase in platelet membranes (8) and

impedes the accumulation of cyclic AMP in platelets exposed
. .

to stimulators of adenylate cyclase (9). Many other aggregating
. . . . .

agents inhibit adenylate cyclase; however, dideoxyadenosine,

which inhibits adenylate cyclase in both membranes and intact

cells by a direct effect on the catalytic subunit, neither induces

of iodine/230-kDa subunit. This extent of iodination had no effect on

platelet agglutinating activity. 2-Methylthio-ADP was prepared from

adenosine-1-N-oxide (16). Prostaglandins (prostaglandin E1 prosta-
. .

glandin D2 and prostaglanthn 12) and the endoperoxide analogue

U46619 were gifts from Dr. J. E. Pike, Upjohn Co. (Kalamazoo MI).

PAF was from Avanti Polar Lipids (Montgomery, AL) and was stored
frozen as a solution in Tris-saline containing 1% bovine albumin.

nor potentiates platelet activation (10). Cytochalasins A and B were from Aldrich; vincristine sulfate (Oncovin)

This work was supported by National Institutes of Health Grants HL27993

was from Lilly; lodogen was from Pierce. Other biochemicals were from

Sigma. Inorganic chemicals were of analytical grade. 125! was from New
and HL37932. England Nuclear.

FSRA n-rIIInrnsLIIrnnvIr)An7nvIlrIPnnsIna’ABBREVIATIONS: vWF, von Willebrand factor; . �. ., , : � ::�. .,�. � .�:. .�, HEPES, N-2-hydroxyethylpiperazine-N’-2-ethanesulfonic

acid; 2-methylthio-ADP, 2-methylthioadenosine-5’-diphosphate; PAF (platelet-activating factor), 1-O-alkyl-2-acetyl-sn-glycerolphosphorylcholine;
pCMBS, p-chloromercunbenzene sulfonate; PAP, platelet-rich plasma; U4661 9, (15-S)-hydroxy-1 1cr,9a-(epoxymethano)prosta-5Z,1 3E-dienoic acid;
GPIb, glycoprotein lb.
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Fig. 1. Inhibition of platelet agglutination by ADP. PAP was stirred in the
aggregometer for 30 sec with 6.3 m� EDTA and then either buffer (1)
or 29 �sM ADP (2) was added. Agglutination was then induced by the
addition of 1 .9 mg/mI nstocetin (A) or 7 pg/mI purified bovine vWF (B).
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Platelet suspensions. Venous blood was collected from healthy

volunteers directly into �/s volume of 0.122 M Na3 citrate and was

centrifuged (150 x g for 15 mm) at room temperature to prepare

citrated PRP. Platelets were washed by a modification of the method
of Mustard et al. (17), centrifuging at room temperature and avoiding

the use of heparin. Fresh PRP (1 volume) was acidified to pH 6.5 by

addition of 1 M citric acid and was centrifuged at 540 x g for 20 mm in
round-bottomed 50-ml polycarbonate tubes. The pellets were resus-

pended in 2-3 ml of Buffer A, diluted to 1 volume with Buffer A, and

incubated for 30 mm at 37” . The suspension was then centrifuged at

440 x g for 15 mm and the pellet was resuspended as before in Buffer
A, diluted to #{189}volume, and incubated at 37” for 20 mm. At this stage

any contaminating red cells were removed by centrifugation at 440 X g
for 2 mm. Finally the suspension was centrifuged at 440 x g for 15 mm

and resuspended in Tyrode’s saline buffered at pH 7.4 with HEPES,
and diluted to ‘Ito volume. If necessary, this suspension could be kept

at room temperature for 2-3 hr until needed. It was warmed to 37” for

15 mm before use.

Platelet function. Aggregation, agglutination, and shape change

were studied in a Payton aggregometer at 37” with stirring at 1400 rpm.

Agglutination was studied with PRP or suspensions containing ap-

proximately 3 x iO� platelets/ml, after addition of 5-10 mM MgNa2

EDTA to prevent platelet secretion, aggregation, and the exposure of
GPIIb/IIIa receptors. Shape change was measured in platelet suspen-
sions diluted with Tris-saline/EDTA to 0.5-1 x 108/ml. EDTA was

added no more than 2 mm before each test to avoid the shape change

that EDTA causes on prolonged exposure (18). Aggregation and agglu-

tination rates are expressed as maximum rates of pen deflection, and

the extent of shape change as the maximum pen deflection, occurring
approximately 1 mm after addition of agonist.

Cyclic AMP measurements. Stimulation of adenylate cyclase was

measured as the accumulation of [14C}cyclic AMP in platelets prela-

beled by incubation with [“C]adenine (19). Cyclic AMP was isolated

from other nucleotides by sequential chromatography on Dowex 50 and
alumina (20).

Results

Fig. 1 shows that platelets in normal human citrated PRP

agglutinate at about the same rate on addition of 1.9 mg/ml

ristocetin or of 7 �zg/ml purified bovine vWF. Prior addition of

30 �tM ADP caused a similar degree of inhibition of each effect.

Many aggregating agents induce platelets to change shape.

Several of these appear to act independently of ADP, inasmuch

as their effects are not inhibited by ATP, a specific competitive

antagonist of ADP (19). Fig. 2 shows that, at maximally effec-

tive concentrations, ADP, PAF, and the thromboxane A2 ana-

logue U46619 all caused a shape change and inhibited aggluti-

nation by vWF. Both vasopressin and 5-hydroxytryptamine

caused a shape change that was less rapid and less extensive

than that seen with the other agents, and epinephrine caused

no detectable shape change. Epinephrine did not inhibit vWF-

induced agglutination, and the effects of 5-hydroxytryptamine

and vasopressin were very slight.

A common property of the agents that induce platelet aggre-

gation is their ability to inhibit the activation of adenylate

cyclase, both in intact platelets and in platelet membranes,

although these properties do not appear to be well correlated.

To determine whether platelet activation or inhibition of aden-

ylate cyclase was more closely related to the inhibition of vWF-

induced agglutination, we attempted to measure agglutination

and adenylate cyclase activity under as closely similar condi-

tions as possible. Adenylate cyclase activity was measured

indirectly by the accumulation of [14C]cyclic AMP in cells

prelabeled with [‘4C]adenine and stimulated by prostaglandin

E1 in the presence of a phosphodiesterase inhibitor. The effects

of several agonists on platelet adenylate cyclase activities are

shown in Fig. 3A. The same PRP sample was used to measure

agglutination, and in both cases the PRP was diluted with Tris-

saline containing EDTA immediately before testing. Fig. 3B

shows that, with five different platelet agonists, there was no

general correlation between the ability to prevent the increase

in cyclic AMP caused by prostaglandin E1 and inhibition of

agglutination by vWF. Under these conditions, epinephrine

strongly inhibited adenylate cyclase and had no effect on agglu-

tination; U46619 and PAF were comparatively weak inhibitors

of adenylate cyclase yet strongly inhibited agglutination. 3’,S’-

Dideoxyadenosine had no effect on vWF-induced agglutination

at concentrations up to 100 �zM.

The ADP analogue 2-methylthio-ADP has effects similar to

those of ADP on platelets, although the potency difference

between the two compounds is different for induction of shape

change and inhibition of adenylate cyclase (16). We compared

ADP and 2-methylthio-ADP as inhibitors of vWF-induced

agglutination, as inducers of shape change and aggregation,

and as inhibitors of adenylate cyclase in the same experiment.

The different measurements were made under as closely similar

conditions as possible. Table 1 shows that the ratio of potency

of ADP and 2-methylthio-ADP for inhibition of vWF-induced

agglutination fell between the ratios found for inhibition of

adenylate cyclase on the one hand and for induction of shape

change and aggregation on the other.

ATP is a competitive antagonist of the effects of ADP on

platelets. At high concentrations, ATP blocked both the shape

change and the inhibition of vWF-induced agglutination due

to ADP but had no effect on the actions of U46619 (Fig. 4) or

PAF (not shown).

The adenosine derivative FSBA reacts covalently with flu-

cleotide binding sites on a variety of enzymes and blocks

platelet activation by ADP, although at concentrations up to

60 ffM it does not block the inhibitory effect of ADP on

adenylate cyclase (21). Fig. 5 shows that FSBA had no effect

of its own on agglutination of washed platelets by vWF but

blocked the inhibitory effect of ADP. Similar results were

obtained when adenosine deaminase was included to eliminate
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Fig. 2. Effects of different agonists on ag-

6 glutination. Agonists were added to stirred
PAP in the presence of 5.6 mM EDTA. Ba-
vine vWF (1 .2 �zg/ml) was added shortly
after the point of maximum shape change.
The agonists were: 1 , epinephnne(Epi), 500
�M; 2, 5-hydroxytryptamine (5HT), 2.8 �z�;
3, arginine vasopressin (VP), 0.5 units/mI;
4, ADP, 5.5 �M; 5, control; 6, PAF, 2.5 �sM;

and 7, U46619, 0.3 �M.

5

A

.� + Fig. 3. Effects of different agonists on adenylate cy-
clase. A, PAP was incubated with [14Cjadenine to label
the platelet adenine nucleotides. Samples of the labeled
platelets were diluted with an equal volume of Tns-
saline containing 10 mM EDTA and were incubated for
30 sec with the agonists. Then a mixture of prostaglan-
din E1 (2 MM) and the phosphodiesterase inhibitor
AA233 (0.2 mM) was added. After 2 mm the reaction
was stopped with ice-cold tnchloroacetic acid. After a
sample of [3H]cyclic AMP was added as a recovery
standard, [14Cjcyclic AMP was isolated by Dowex 50
and alumina chromatography. Aesults are plotted as
the percentage of the intracellular radioactivity present
as cyclic AMP. B, The same concentrations of the
agonists used in A were added to the samples of the
same PAP diluted with Tns-saline/EDTA in an aggre-
gometer cuvette 30 sec before agglutination was in-
duced with 4.6 �g/ml vWF. The percentage of inhibition
of vWF-induced agglutination is plotted against the
percentage of inhibition of cyclic AMP formation from
A. Epi, epinephrine; 5HT, 5-hydroxytryptamine.

% Inhibition of Agglutination

any possible effects of adenosine present as either a breakdown

product or contaminant of FSBA (21).

Fig. 6 shows that the inhibitory effect of ADP was also

blocked by cytochalasin A, a lipophilic thiol-reactive agent with

a high affinity for membranes. Similar results were obtained

when PAF was used in place of ADP. The action of cytochalasin
A was essentially reversed by the inclusion of cysteine to block

the thiol reactivity. The inhibitory effect of ADP on aggluti-

nation was also blocked (Fig. 7) by the polar mercurial thiol

reagent pCMBS. pCMBS was only effective with PRP at con-

centrations high enough to saturate the free thiol content of

plasma proteins (0.4-0.5 mM); in washed platelet suspensions

it was active at 10-20 .sM. In contrast to ATP and FSBA,
neither pCMBS nor cytochalasin A, at the concentrations used
here, had any detectable effect on the shape change induced by

ADP or by PAF.
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The normal disk shape of platelets is maintained by a mar-

ginal array of microtubules. Vincristine interferes with the

polymerization of tubulin and consequently causes platelets

slowly to lose their disk shape (22). Incubation of PRP for 15

mm with vincristine had no effect on agglutination induced by

vWF (Fig. 8), although it caused a loss ofthe normal disk shape

of the platelets and the disappearance of the baseline oscilla-

tions of the aggregometer tracings. This was accompanied by

an apparent inhibition of ADP-induced shape change. The

inhibitory effect of ADP on agglutination induced by vWF was

not affected by vincristine, indicating that platelets can lose

their disk shape without losing either their responsiveness to

vWF or the inhibition of this agglutination by ADP.

It has been suggested (12) that the shape change induced by

ADP may be associated with a reduction in the availability of

None Cyt A PAF Both
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TABLE 1

Concentrations of ADP and 2-methylthio-ADP giving half-maximal
eftects on different platelet functions
Inhibition of adenylate cyclase was determined by the ability of the compound to
block the accumulation of [14C]cyclic AMP in platelets incubated for 30 sec with

0.4 �M prostaglandin I2. All measurements were made with the same sample of
PAP, which was prelabeled for the cyclic AMP measurements by incubation with
[14C]adenine. All samples contained 5 m� EDTA, except those used for measuring
aggregation.

Function

Concentration for half-
maximal effect

ADP 2-MethylthioADP

flM

Ratio

950/

Confidence

limits

Shape change (Extent) 92.2 19.1 4.8 3.0 7.3
Aggregation 1 304 247 5.3 4.1 6.9
Inhibition of adenylate cyclase 1350 23.1 58.4 43.3 78.8
Inhibition of agglutination 550 27.5 20.0 12.6 38.8

A B
ADP

� �vWF

Fig. 4. Effect of ATP on inhibition of vWF-induced platelet agglutination.
Agglutination was induced by addition of bovine vWF to washed platelets

diluted before use to 0.5 x 1 08 ml in Tris-saline buffer containing 8.8 m�i
EDTA. A, Samples were treated with 0.6 ,�g/ml bovine vWF (1 ), 500 �M

ATP followed by ADP and vWF (2), or 5 �M ADP followed by vWF (3).
B, Samples were treated as in A but with 1 �M U46619 instead of ADP.
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Fig. 5. Effects of FSBA on agglutination of washed platelets. Washed
platelets (1 -1 .5 x 109/ml) in HEPES-buffered saline were diluted 8-fold
with 5 mM EDTA in resuspension buffer immediately before testing.

FSBA was added as 1-3 �sl of a freshly prepared solution in N,N-
dimethylformamide to a final concentration of 55-1 65 �M. An equal
volume of dimethylformamide was used in controls. After 30 sec, saline
or ADP (63 �M) was added, followed after 30 sec by 5 gg/mI bovine
vWF. Aesults are expressed as percentages of the rates of agglutination
in the controls with dimethylformamide and no ADP. Error bars indicate

the mean plus standard error for 5 to 1 2 comparisons. In one experiment

(0), 1 unit/mI adenosine deaminase was added before the other reagents
to exclude the effects of adenosine.

Addition

Fig. 6. Effects of cytochalasin A on agglutination of washed platelets.
Cytochalasin A (1 �tM) or its solvent, dimethyl sulfoxide (1 �sl/ml), were
added to washed platelets 30 sec before ADP. Agglutination was induced

30 sec later by adding vWF. The conditions were the same as for Fig. 5.
Error bars indicate the mean plus standard error of three measurements.
In one experiment (0), 200 � cysteine was added before the other
reagents to neutralize the thiol reactivity of cytochalasin A.

the membrane receptors with which vWF interacts to induce

agglutination. We measured the binding of labeled vWF to

platelets in the presence and absence of ADP. Fig. 9 shows that

at saturating concentrations the amount of vWF bound to
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observed. In contrast to the effect of ADP on agglutination

induced by vWF, we found that agglutination by wheat germ

lectin was enhanced by ADP. The receptors for wheat germ

lectin and vWF are reported to be distinct (25), although GPIb

binds to columns of immobilized wheat germ lectin (26).

ADP has at least two major distinguishable effects on plate-

lets. It blocks the accumulation of cyclic AMP in platelets

stimulated by prostaglandins and other activators of adenylate

cyclase, and it also induces platelet activation, causing shape

Platelet Agglutination by vWF 275

CONTROL VINCRISTINE

l35pM

j�WF

Fig. 7. Effect of pCMBS on the inhibitory effect of ADP. PAP was
incubated with 1 .5 mM pCMBS for 30 sec before addition of 14 �M ADP
or saline. Agglutination was induced 1 5 sec later by the addition of 1.5
,�g/ml bovine vWF. 1, Control agglutination with vWF; 2; pCMBS added
before vWF; 3, pCMBS followed by ADP and vWF; 4, ADP followed by
vWF.

platelets was about 20% less in the presence of ADP than in

its absence and the affinity of binding was about 10% lower.

This small difference in binding is insufficient to explain the

2- to 10-fold shift in the dose-response curve for vWF observed

when ADP is added to PRP.

Platelets can also be agglutinated by wheat germ lectin, but

this agglutination is potentiated by ADP (Fig. 10). The extent

of binding of labeled wheat germ lectin or vWF, measured

under the same conditions as the agglutination responses but

without stirring, was not substantially affected in either case.

Discussion

2 ?2ooL0���.
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ci:

i�..._.__#{149}__#{149}_.__#{149}_____ -.

0’ I I
1 2 3

VINCRISTINE CONCENTRATION (jiM)

Fig. 8. Vincristine alters platelet shape but not the response to vWF. A,
PAP, diluted 4-fold with Tris-saline buffer, was incubated with the mdi-
cated concentrations of vincristine sulfate for 1 5 mm and then 3 m�i
EDTA was added with either buffer (1) or 5 �M ADP (2). After 10-15
sec, when the shape change was complete, 1 .25 p�g/ml bovine vWF was
added. Aggregometer tracings show loss of baseline oscillations at high
vincristine concentrations. B, Extent of shape change caused by ADP
(A) and rate of agglutination induced by vWF in the absence of ADP (0)

and in the presence of 5 �tM ADP (#{149})are plotted against the concentration
of vincristine.

Agglutination of human platelets by bovine vWF appears to

be similar in many respects to agglutination caused by human

vWF in the presence of ristocetin (12, 23). This model system

is useful for investigating the adhesion of platelets to suben-

dothelial tissue and the early stages of the formation of hemo-

static platelet plugs and possibly also of mural thrombi (24).

That vWF-induced agglutination can be inhibited by agents

that promote platelet aggregation is unexpected; in the case of

other pairs of activating agents, mutual potentiation is usually
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Fig. 9. Binding of labeled vWF to platelets. 125I-Iabeled vWF was diluted
with unlabeled vWF and added to EDTA-treated PAP diluted to 1 .1 1 x
1 08 platelets/mI, to give concentrations between 1 .1 and 21 .8 �g/ml.
One set of platelet samples was pretreated with 7.6 �sM ADP. After
incubation for 5 mm at 37#{176}without stirring, the platelets were sedimented
and the supernatant was drawn off. The tips of the tubes containing the
pellets were cut off with a razor blade and counted to determine the
amount of vWF bound. Nonspecific binding (estimated by extrapolation
of the binding isotherm to saturating vWF concentrations) was 6.9%,
and this was subtracted from the total binding at each vWF concentra-
tion.

change and aggregation. ADP-induced aggregation is believed

to be mediated by the binding of fibrinogen to GPIIb/IIIa (26).

In the presence of extracellular Ca2�, vWF can also bind to the

GPIIb/IIIa receptor and can cause platelet aggregation (27).

To avoid confusion arising from the binding of vWF to GPIIb/

lila, all of our experiments were done in the presence of EDTA.

Three lines of evidence suggest that inhibition of vWF-

induced agglutination by ADP is associated with platelet acti-

vation and shape change and is unrelated to the effects of ADP

on adenylate cyclase. (a) Epinephrine and 2’,5’-dideoxyaden-

osine both inhibit adenylate cyclase without causing shape

change. Neither compound inhibited vWF-induced agglutina-

tion. (b) PAF and the prostaglandin H2 analogue U46619 are

less active than ADP as inhibitors of the cyclase, as indicated

by their effects on cyclic AMP accumulation in cells exposed

to prostaglandin stimulators of adenylate cyclase, but they are

both more active than ADP in inducing a shape change. Both

PAF and U46619 strongly inhibited vWF-induced agglutina-

tion. (c) FSBA inhibits platelet shape change without affecting

the inhibition of adenylate cyclase by ADP. FSBA blocked the

inhibitory effect of ADP on vWF-induced agglutination.

Further experiments suggest that it is not the change in

platelet shape itself that interferes with agglutination but some

closely associated event. (a) Serotonin and vasopressin both

cause a shape change, although the optical change is somewhat

slower and less extensive than with ADP. Neither serotonin

nor vasopressin affected vWF-induced agglutination. (b) Vin-

cristine, which inhibits the reversible polymerization of micro-

tubules and slowly causes platelets to lose their disc shape, has

no effect on vWF-induced agglutination nor does it affect the

ability of ADP to inhibit agglutination, even though the optical

Fig. 10. Effects of ADP on agglutination and binding of vWF and wheat
germ lectin. vWF or wheat germ lectin (WGL), labeled with 1251 were

incubated with PAP in the absence and presence of 5 �M ADP in
aggregometer cuvettes. After 2.5 mm, the platelets were centrifuged and
the amount of vWF or wheat germ lectin bound was determined. The
amounts of vWF and wheat germ lectin bound in the controls were 27.6
and 25.1 %, respectively. In the presence of ADP, the amounts bound
were 25.8% for vWF and 26.4% for wheat germ lectin.

effect of the shape change is reduced. (c) The ratio of the

potencies of ADP and 2-methylthio-ADP with respect to the

inhibition of agglutination is different from the ratio for induc-

tion of shape change or aggregation or for inhibition of aden-

ylate cyclase. This suggests that inhibition of vWF-induced

agglutination is not exclusively associated with induction of

shape change but may represent a third effect associated with

activation of the ADP receptor. (d) The thiol reagent pCMBS,

at concentrations that have no effect on ADP-induced shape

change, blocks the ability of ADP to inhibit vWF-induced

agglutination. Another thiol reagent, cytochalasin A, which

carries a -CO-CH=CH-CO- group analogous to the re-

active group in maleimides, also blocks the effect of ADP on

vWF-induced agglutination, and its action was inhibited by

cysteine. Under the same conditions, cytochalasin B, which

lacks the reactive double bond responsible for thiol reactivity,

was inactive.

Inhibition of vWF-induced agglutination cannot be simply

due to a reduction in the availability or affinity of the platelet

membrane receptors for vWF, because the binding of vWF was

not greatly affected by exposure of the cells to ADP. Although

a small reduction in binding was seen, it was hardly enough to

account for the inhibition of agglutination. A similarly small

decrease in the availability of GPIb to a monoclonal antibody

after treatment of platelets with ADP has been reported by

Shapiro (28). It is possible that the orientation or association

of receptors on the cell surface is involved in agglutination
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caused by the multimeric vWF, and the processes are influenced

byADP.

The events that accompany the platelet shape change are

clearly complex and may involve changes in the spatial distri-

bution of receptors on the platelet surface. GPIb is linked to

an actin-binding protein on the inner surface of the membrane

(29) and the phosphorylation of the a-subunit of GPIb is

increased when the intracellular concentration of cyclic AMP

is raised (30). Clustering of GPIb molecules has been observed

in activated platelets (29). The effects of pCMBS and cyto-

chalasin A, two thiol reagents of different types, suggest that a

thiol-containing membrane protein is involved in these events.

Because pCMBS penetrates the platelet membrane very slowly,

the postulated mediator protein can be presumed to be near

the external surface of the membrane.
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