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Protein kinases are mnvolved in signal transduction in human blood platelets A number of renaturable protein kinases have imcreased m vitro

activities compared to controls due to covalent modifications when intact platelets are activated by thrombin The effect of the platelet inhibitor

17-hydroxywortmannin (HWT) on these protem kinases was investigated in mtact platelets and i vitro HWT mhibits the increase n activity of

these protein kinases but it does not interact directly with their catalytic subunits We conclude that HWT blocks a step in signal transduction which
1s necessary to activate these protemn kinases via covalent modifications
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1. INTRODUCTION

Stimulation of platelets with thrombin mnduces the
GTP-dependent activation of phospholipase C [I]
which cleaves membrane-bound phosphatidylinosito!
bisphosphate (PIP.,) to produce the second messengers
mnosttol 1.4,5-trisphosphate (IP;) and diacylglycerol
(DAG). IP; triggers the release of calcium from the
storage granules mnto the cytosol [2] while DAG acti-
vates protein kinase C [3] that phosphorylates a number
of substrates [4-8]. Other pathways of platelet activa-
tion are less well characterized and may also include
phosphorylation cascades.

The activity of a group of protemn kinases could be
restored by renatuiation after electrophoresis and
transfer to PVDF membranes [9] Kinase activity was
monitored with [y-**PJATP Bands on the blots were
detected by autoradiography Phosphoserine and phos-
phothreonine were predominantly labelled and analysts
of the phosphorylated p1otein spccies revealed that with
most of the protein kinases, bovine serum albumin and
the kinases themselves (variable amount of autophos-
phorylation) contained most of the **P-label [10]. Some
of thesc protein kinases show higher 1n vitro activities
on the blots when ntact platelets were activated and
therefore may somehow be involved n signal transduc-
tion pathways The changes in activity ate most proba-
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bly due to covalent modifications as they arc conserved
during the denaturation- and renaturation-treatment

17-Hydroxywortmannin (HWT) 1s a derivative of the
sterol-hike fungal metabolite wortmanmnn [11] It inhibi-
ted 1espiratory burst and secretion in neutrophils with-
out directly affecting PKC [12]. Since HWT shows rela-
tively specific effects on platelet activation (von Tschar-
ner, V and Clemetison, K J., submitted), renaturation
of blotted protems was used to mvestigate its effects on
the activation 1n ntact platelets and 1 vitro activities
of the renaturable and covalently modified protein
kinases from human blood platelets 1n order to correlate
these with other platelet reactions

2, MATERIALS AND METHODS

21 Marerials

Apyrase, bovine serum albumin (fraction V and fatty acid free,
fraction V), photbol mynstyl acetate (PMA), 1onomycin and the pre-
stained molecular mass markers were from Sigma, St Lows, MO
Thrombin was from Merck, Zurich oprost was kindly donated by
Schening AG, Zurich HEPES was from Calbiochem, Lucerne Guani-
dine-HCI was from Fluka, Buchs and Nomdet P-40 was from Grogg,
Berne [y-*P]ATP (3000 Cymmol) was from Amersham International,
England The PVDF membranes (Immobilon-P) were from Milhpore,
Bedford, MA HWT, {1,7,8,9,9a,11b-octahydro-11-acetoxy-9-hy-
droxy-1-(methoxymethyl)-94,11b-dimethyl-3H,6bH-furo[4,3,2-
delindenol4,5- hl{2lbenzopyran-3,6-dion} and the inactive wortmannin
derivative IWT {6b,7,94,10,11,1 1 b-hexahydro-5-hydroxy-4-hydroxy-
methylen-1-methoxymethyl-9q,1 1 b-dimethyl-1H,6H~ndeno[4,5-h)[2]-
benzopyran-3,6,9(4H,8H)-trion} were supplicd by Dr TG Payne,
Prechmical Research, Sandos Ltd , Basle, Switzerland

22 Isolaton of human platelets

Buffy codats were obtained from the Swiss Red Cross in Berne (FDA
four bag system) approximadtely 15 h after collection Buffy coat dilu-
tion buffer (0 1 volume) was added to give an end concentration of 10
mM sodium aitrate and 0 15 U/ml apyrase and the suspension was
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centrifuged at 1 50xg for 15 min The platelet-rich plasma was acidified
to pH 65 with 150 mM aitric acid, iloprost was added to an end
concentration of 1 ng/ml, and centrifugation at 500xg for 15 min
pelleted the platelets The platelets were washed twice with 100 vols
of 137 mM NaCl, |1 mM glucose, 11 mM sodium citrate, 0 2 U/ml
apyrase, 0 25% BSA, pH 6 5, and then 1esuspended 1n 137 mM NaCl,
2 mM KCI, | mM MgCl,, | mM CaCl,, 04 mM NaH,PO,, 56 mM
glucose, 5 mM HEPES, 1 U/ml apyrase pH 7§ to an end concentra-
tion of 10° platelets per ml Experiments were performed at 37°C
HWT was added from stock solutions in Me,SO to yield a final Me, 8O
concentration of 0 1%, which did not change the pattern of phospho-
rylation in the renatured kinases

23 Kiwnase assays

Samples were solubilized immediately in SDS-PAGE sample buffer
at a concentration of 2 3% SDS, 0 1% ditwothreitol, 0 | mM EDTA,
62 5 mM Trns, 10% glycerol, pH 6 8, vortexed and botled for 2 min
Separation of platelet protemns in 7 5% polyacrylamide gels [13] and
the transfer to PVDF membranes were as described [14] Renaturation
and kinase reactions were performed according to Ferrell and Martin
[10] The X-ray films were analysed on a DD2 densitometer trom Kipp
& Zonen connected to a chart recorder
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24 In vuro treatment

After renaturation dnd blocking. sections of the blots were treated
with HWT in 30 mM Tris, 10 mM MgCl,, 2 mM MnCl,, pH 7 5 for
10 min at room temperature They were washed oncz with the same
buffer without HWT and then incubated with the kinase reaction
buffer [10]

3. RESULTS

Washed human platelets were preincubated with dif-
ferent concentrations of HWT for 10 min and then sti-
mulated with thrombin (Fig 1). Blots from untreated
control or thrombin-stimulated platelets showed
patterns of labelled bands similar to those ieported
earlier [10] A combination of the phorbol ester PMA
and onomycin mmduced the activities of the protem
kinases similar to that induced by thrombin (not
shown). Preincubation of unstimulated control platelets
with HWT had no effect on the activittes of the rena-
turated protein kinases (Fig 1A) HWT preincubation
inhibited the increase of activity of PK 48, PK 52, PK
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Fig | Effcct of HWT treatment and thrombin stimulation in intact platelets on thein vitro activities of the rendtulable protem kindses fiom human

platelets Autoradiogtam of PVDF-membranes with 1enaturated protems labelled i vitro with [y-"PJATP from a typical experiment where platelets

were premncubated for 10 min with different concentrations of HW T (A) Shows unstimulated platelets premcubated with and without HWT (B)

Shows platelets activated with | U/ml thrombm The 0 unie samples were taken just before the addition of thrombnn, then the other samples were

taken after times as indicated and afl werce treated as desenibed 1n Materidls and Methods The sumulations were peiformed with washed platelets

from the same buffy coat All the blots wete ticated the same way and dutoradiographed together on the same film Moleculdr mdss matkers aic
indicated 1 kilodaltons
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arbitrary densitornetr:c units
n

time [mmnutes]

Fig 2 Kinetics of PK 60 activation Densitometric analysis of the

autoradiograms of several sirlar experiments of the activity of PK

60 The amount of procecssed P wdas medsured as peak surfaces

relative to the control vaiues at 0 time that were set to 100 The

symbols are O control, n=4, 7 HWT 107° M alone, n=2, ga HWT

107° M, n=3, b HWT 1077 M, n=2, both stmulated with thiombin 1
U/m] @ thrombin 1 U/ml, n=4

56. PK 60, PK 64 and PK 170 after thrombin tieatment
{F1ig 1B) The 1nactive wortmannin derivative (IWT)
had no effect on the activities of the renaturated protein
kinases fiom either unstimulated control platelets or
from thiombi-stimulated platelets (not shown) The
activities of PK 82, PK 86 and PK 94 were little affected
when platelets were activated with thrombin HWT did
not change this The activity of PK 150 after thiombin
stimulation was increased although the difference was
very small This was not inhibited by HWT. PK 150
activity was also increased by PMA alone and not af-
fected by HWT (not shown)

PK 60 was the stiongest labelled band detected 1n this
kinase assay method 1n platelets and densitometiic ana-
lysts of the relative intensities of these bands (Fig 2)
revealed that the ICs, of HWT was approximately 1077
M At 107" M HWT the inciease 1n activity was comple-
tely inhibited At HWT concentrations of 107* M and
lower, the time course of the kinase activity followed
roughly the time couise of thrombin activation (data
not shown, n=1),

To investigate whether HWT directly affected the
protein kinases, the renaturated protemns on the mem-
branes were subjected to in vitto HWT treatment with
different concentrations after renaturation and blocking
and before incubation with the radioactive ATP (Fig
3). HWT had no effect on any renaturable protemn ki-
nasc m vitro. The diffeiences in the activities of the
renaturated protemn kinascs from conttol and fiom
thrombin treated platelets were still conserved.

4 DISCUSSION

From two previous scries of experiments the renatu-
rable protein kinases from platelets could alicady be
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Fig 3 Comparison of HWT-treatment in intact platelets and n vitro
Platelets were premncubated with HWT at different concentrations as
indicated above for 10 min They were then treated with (T) or without
(C) thrombin at a concentration of | U/ml for 20s After renaturation
and blocking the four secttons of the blot were treated with different
concentrations of HWT 1 vitro for 10 mm as indicated on the ‘in vitro’
side of the top line The left part of the blot was treated with buffer
alone All four pieces were then treated with 50 4Cyml [y-2PJATP for
30 min Autoradiograms were prepared from the washed and dried
blots Molecular mass markers dare indicated in kilodaltons

divided into different groups [10] according to the chan-
ges 1n therr renaturated in vitro activity with different
platelet activatots i intact platelets PK 52, PK 56, PK
60, PK 64 and PK 170 were activated when platelets
were treated with a combination of phorboi ester and
1onophore indicating their possible imnvolvement 1n sig-
nal tiansduction downstream of PIP,-bieakdown. PK
52 and PK 64 are most probably activated by phospho-
rylation as theu activation 1s mhibited by the protein
kinase imnhibitor staurosporime and PK 52, PK 60, PK
150 and PK 170 are activated by dephosphorylation or
another mechanism since their activation was enhanced
by staurosporine [14],

In neutiophils HWT inhibited the fMLP-induced re-
spiratoly burst at a concentration of 107 M but the
PMA-mnduced burst was not affected suggesting that
HWT does not inhibit PKC directly and 1t does not
interfete with the phospholipase C mediated rise 1n 1n-
tracellular calctum concentration (via IP;) and therefore
a novel signal transduction pathway was proposed [12}.
There 15 evidence that DAG production and the resul-
ting PKC activation 1s not only phospholipase C de-
pendent and the activation of phosphohpase D to pro-
duce DAG via another pathway to fully activate PKC
was proposed [15] This leads to the speculation that
PK.C activation 1s blocked mdirectly by HWT by redu-
cing DAG productton via the other pathway Since In
platelets HWT inhibits aggregation and pleckstrin
phosphorylation (von Tscharner, V. and Clemetson,
K J . submitted) and the increase in activity of several
Ser/Thr protemn kinases (this puaper) at a comparable
concentration (107° M) to that effective in neutrophils,
a similar signal transduction pathway might be affected
that leads to the activation of protein kinuses DAG 1s
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not enough to activate the renaturable protem kinases
since PMA alone only stimulates one of them (PK 150)
and they are therefore not activated via PK.C alone. The
way in which PKC itself 15 activated suggests that 1t 1s
not detected 1n this assay system, as it requires at least
phosphatidylserine and DAG for activation [16]. As all
the protein kinases mnhibited by HWT (PK 48, PK 52,
PK 56, PK 60, PK 64 and PK 170) are affected to
roughly the same extent (Fig 1) they may all be invol-
ved 1n a later phase of platelet activation HWT blocks
a step 1n signal transduction which 1s necessary to act-
vale these protein kinases via covalent modifications, It
was suggested that this may be a G-protemn dependent
step leading to phospholipase D activation [17]

While staurosporine directly blocks the protein kina-
ses 1 a general way but cannot prevent their activation
and even mduces the activation of PK 52, PK 60 and
PK 170 directly [14], HWT probably inhibits the initia-
tion of the pathway leading to their activation The
above results indicate that HWT 1s a useful tool for
differentiating between early and late signal transduc-
tion events. Protemn kinases may be involved 1n the
regulation of other enzymes or receptors by phospho-
rylation and together with phosphatases may be re-
sponsible for amplification or fine tuning of signals.
Since aggregation of platelets 1s not completely n-
hibited by staurosporine [18] the activation of PK 52,
PK 56, PK 60, PK 64 and PK 170 1s not sufficient to
lead to platelet aggregation. Their inhibition by HWT
correlates well with the mhibition of the late phase of
platelet activation including aggregation. Other simi-
larities are found when the kinetics of activation of these
kinases are compared to the increases in Tyr-phospho-
rylation of platelets. Tyr-phosphorylation increases also
in a group of protemns in platelets 3 munutes after
thrombin stimulation [19]. Although 1t remains un-
resolved whether the renaturable protein kinases are
involved 1n the signal transduction leading to aggrega-
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tion and secretion the results obtained here suggest that
activation of these protein kinases goes in parallel with
these processes.
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