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SUMMARY. K252a isolated from microbial or ig in was found to potent ly 
i n h i b ~ i n  kinase C in v i t r o  (1). This agent i nh ib i t s  phosphorylation 
of 40,000 dalton protein(40K protein) induced by 12-O-tetradecanoylphorbol- 
13-acetate(TPA) in intact  rabbi t  p la te le ts .  This indicates that K252a 
exhib i ts  the inh ib i t i on  of protein kinase C in in tact  ce l l s .  The serotonin 
secretion induced by TPA was inh ib i ted by K252a at nearly equal 
concentrations required to i n h i b i t  the phosphorylation of 40K protein.  
This provides the evidence to support the cause-effect re la t ionsh ip  between 
the protein phosphorylation and the secretion in TPA-stimulated p la te le ts .  
© 1987 Academic Press, Inc. 

Many l ines of evidence revealed that protein kinase C has a c r i t i c a l  

role in signal transduction in various cel l  types. In p la te le ts ,  agonist- 

receptor interact ion at the plasma membrane induces a rapid breakdown of 

phosphoinositides which resul ts in the release of d iacy lg lycero l .  The 

diacylg lycerol  appears to function as an important second messenger in the 

p la te le t  through the act ivat ion of protein kinase C, which has been 

demonstrated to phosphorylate 40,000 dalton protein (40K protein) (2,3) .  

12-O-Tetradecanoylphorbol-13-acetate (TPA) can subst i tute for the 

diacylg lycerol  and act ivate protein kinase C resu l t ing  in the 

phosphorylation of 40K protein (3).  TPA has been known to induce dense 

granule secretion without an elevation of cytoplasmic free calcium (4). 

Kase et al .  recent ly  isolated K252a from culture broth of Nocardiopsis 

sp. and found th is  compound to be a potent i nh ib i t o r  of protein kinase C in 

vitro (1). 

Abbreviations: TPA, 12-O-tetradecanoylphorbol-13-acetate, 
EGTA, ethyleneglycol-bis (6-aminoethyl ether) N,N,N' ,N'- tetraacet ic  acid. 
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In th is study, we examined the effects of K252a on phosphorylation of 

40K protein and serotonin secretion in TPA-stimulated p late lets and showed 

that the inh ib i t ion  of the phosphorylation correlated closely with the 

inh ib i t ion  of the secretion. 

MATERIALS AND METHODS 

Blood anticoagulated with ac id-c i t rate-dextrose was obtained from male 
rabbits and centrifuged for the separetion of p la te le t - r i ch  plasma (PRP). 
For analysis of serotonin secret ion, PRP was incubated with [2- C] 
serotonin (0.2 ~Ci/lOml PRP) for 60 min at 37Uc. Then plate lets were 
pelleted from PRP by centr i fugat ion at 600xg for 10 min. The precipi tated 
plate lets were washed twice and suspended in Tyrode's solut ion containing 
138 mM NaCI, 2.7mM KCI, 12 mM NaHCO~, O.3mM NaH2P04, 2.0mM MgCl 2 and 5.5mM 
glucose. For ~ a l y s i s  of protein p~osphorylation, the plate lets were 
labelled with ~ Pi according to the method of Lyons et al (5),  and f i n a l l y  
suspended in the same solut ion.  After s tab i l i za t ion  for 30 min, 1 mM CaCI 2 
or 1 mM EGTA was added. 

A suspension of p late lets  which was prelabelled with 32pi or [2-14C] 
serotonin was preincubated with vehicle or K252~ solut ion at 37°C for 3 
min, then stimulated by an addition of TPA (1D-'M). For analysis of 
phosphoproteins, the reaction was terminated by an addition of 1.1% SDS 
containing 5% mercaptoethanol. The mixture was boiled at 100°C for 2 min 
and subjected to SDS-polyacrylamide gel electrophoresis as described by 
Laemmli (6).  

The gel was then stained with coomassie b r i l l i a n t  blue, dried and 
exposed to Fuji Xray f i lm to prepare autoradiogram. The re la t i ve  in tens i ty  
of each band was quantitated by densitometric tracing of the autoradiogram 
at 430 nm using a Shimadzu dual wave length chromatogram scanner, Model 
CS-430. For measuring of serotonine secret ion, the mixture was centrifuged 
for 3 min at lO00xg, and the rad ioac t i v i t y  in the supernatant was counted 
with l iqu id  s c i n t i l l a t i o n  counter. 

[2-  C]serotonin binoxalate and 32pi were purchased from New England 
Nuclear. TPA was a product of Sigma. Other chemicals were obtained from 
commercial source. 

RESULTS AND DISCUSSION 

As had been reported (3) ,  when rabbit  p late lets were activated by 

10-7M TPA, phosphorylation of 40K protein was markedly elevated both in the 

presence and absence of ex t race l lu la r  calcium. On the other hand, no 

detectable increase was observed in phosphorylation of 20,000 dalton 

protein (20K protein) which had been ident i f ied  as myosin l igh t  chain. In 

the absence of ex t race l lu la r  calcium, K252a suppressed the phosphorylation 

of 40K protein in a concentration-dependent fashion. This agent below 3 ~M 

also showed the simmilar inh ib i t ion  in the presence of ex t race l lu la r  

calcium (Fig. 1). Since 40K protein in p late lets appears to be a substrate 

of protein kinase C (3,7) and TPA induces phosphorylation of th is protein 
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E G T A  C a C I  2 
] : 

L 

Fig.1. Inhibit ion by a protein kinase C inhibi tor ,  K252a of 40K protein 
~osphorylation induced by TPA in rabbit platelets. The 

Pi-labelled platelets were preincubated for 3 min at 37°C with or 
without K252a and then stimulated with 10- M TPA in the presence of 
lmM EGTA or imM CaClp for 2 min. Protein phosphorylation was 
analyzed by SDS-poly~crylamide gel electrophoresis followed by 
autoradiography. 

Fig.2. Effects of K252a~n basal protein phosphorylation in rabbit 
platelets. The j Pi-labelled platelets were incubated with or 
without K252a for 5 min at 37UC in the presence of imM EGTA or imM 
CaClp. Protein phosphorylation was analyzed by SDS-polyacrylamide 
gel ~lectrophoresis followed by autoradiography. 

by d i rec t  ac t iva t ion  of protein kinase C, i t  can be concluded that K252a 

exerts the i nh ib i t i on  of protein kinase C in in tact  ce l ls  in compatible 

with in in v i t r o  enzyme preparat ion. When concentration of K252a increased 

to a level  of 10 ~M in the presence of CaCI2, the agent apparently f a i l ed  

to i n h i b i t  40K protein phosphorylation ( F i g . l ) .  In order to explore the 

cause of the lack of the i n h i b i t i o n ,  the ef fects  of K252a alone on 40K 

protein phosphorylation were examined in non-stimulated p la te le t s .  As 

shown in Fig. 2, while the i n tens i t y  of the phosphorylated band of 40K 

protein was not al tered by K252a at 1-10 ~M or below 3 ~M in the presence 

of EGTA or CaCI2, respec t i ve ly ,  i t  was markedly strengthened by 10 ~M K252a 

in the presence of CaCl 2, This reveals that 10 ~M K252a in combination 

with e x t r a c e l l u l a r  calcium induces 40K protein phosphorylation. I t  seemed, 

from these resu l t s ,  that the apparent lack of i nh ib i t i on  of 40K protein 

phosphorylation by i0 ~M K252a in the presence of CaCI 2 is not due to the 
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fa i lu re  of protein kinase C inh ib i t i on ,  but due to the compensation by the 

increase of 40K protein phosphorylation induced by K252a per se. However, 

i t  remains to be c l a r i f i ed  by what mechanism the agent induces the 40K 

protein phosphorylation. 

TPA has been known to induce a slow rate of secretion of dense granule 

consti tuents such as ATP and serotonin (4). Di f ferent effects of 

inh ib i to rs  of protein kinase C on the TPA-induced secretion were reported. 

Phosphol ipid- interact ing agents such as local anesthetics and 

t r i f luoperaz ine have been known to inh ib i t  protein kinase C by competing 

with phosphatidylserine, an act ivat ing factor of th is enzyme (8,9) .  

Tetracaine which belongs to th is class of inh ib i tors  concomitantly inh ib i ts  

serotonin secretion and 40K protein phosphorylation (3). Some other 

phosphol ip id- interact ing agents also inh ib i t  the dense granule secretion 

(10). Hidaka et alo discovered another class of i nh ib i t o r ,  H-7 which may 

inh ib i t  protein kinase C by competing with ATP (11). Inagaki et at (12) 

have reported that th is agent potentiates the serotonin secret ion, and they 

proposed that the potent iat ion may be due to the inh ib i t ion  of TPA-induced 

20K protein phosphorylation which plays an inh ib i to ry  role in the 

secret ion. Thus, the role of 40K protein in TPA-induced serotonin 

secretion has remained to be elucidated. Then, we examined the effect of 

K252a on serotonin secretion induced by TPA. 

When plate lets were stimulated by I0-7M TPA, a f a i r l y  amount of 

serotonin was released into the medium. The mean secretion rate at 5 min 

af ter the addition of TPA was 35.4 ± 3.9% or 28.4 ± 3.9%, in the presence 

of EGTA or CaCI2, respect ively.  K252a inhibi ted the TPA-induced serotonin 

secretion in a concentration-dependent fashion (Fig.3) .  This inh ib i t ion  

was closely correlated with the inh ib i t ion  of 40K protein phosphorylation 

thoughout a l l  concentrations of K252a except 10~M K252a in the presence of 

CaCI 2. This exception may be due to the increase of 40K protein 

phosphorylation by K252a per se as described above. 
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Parallel inhibit ion by K252a of serotonin secretion a~ 40K protein 
phosphorylation in TPA-stimulated platelets. The [2- C] 
serotonin-labelled platelets were preincubatedTwith or without K252a 
for 3 min at 37°C and then stimulated with IO-'M TPA in the presence 
of lmM EGTA or imM CaClpfor 5 min. Serotonin secretion was 
quantitated as described under "MATERIALS AND METHODS". The 
background for serotonin release which was obtained in the absence 
of TPA was subtracted from each of the experimental values. Each 
point represents the mean SE of 5 experiments. Percent inhibit ion 
of 40K protein phosphorylation was calculated from the relat ive 
intensity of the phosphorylated protein band of autoradiogram. Each 
point represents the mean of 3 experiments. 

serotonin secretion, 
40K protein phosphrylation. 

From the k ine t i c  analysis,  K252a inh ib i t s  protein kinase C by 

competing with ATP but not with phosphatidylser ine (13). In our 

experiments, H-7 (10-100~M) and t r i f l uope raz ine  (3-30uM) also inh ib i ted  

the TPA-induced ATP secret ion (data not shown). Therefore, i nh ib i t o r y  

e f fec t  on the dense granule secret ion may be common in the two classes of 

i nh ib i to rs  of protein kinase C. The para l le l  i nh ib i t i on  of 40K protein 

phosphorylation and serotonin secret ion by K252a s t rongly  supports the idea 

that the former may play a causative role in the l a t t e r  in TPA-stimulated 

p la te le ts  as proposed by Sano et al (3) .  
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