
146 Neuroscience Letters, 109 (1990) 14(~ 151 
Elsevier Scientific Publishers Ireland Ltd. 

NSL 06602 

The glutamate receptor of the Qp-type activates 
protein kinase C and is regulated by protein 

kinase C 

Olivier J.J. Manzoni 1, Franqoise Finiels-Marlier 2, Isabelle Sassetti 1, 
JoE1 Blockaer t  1, Christ ian le Peuch  2 and Fritz A.J.  Sladeczek 1 

1Centre CNRS-1NSERM de Pharmacologie-Endocrinologie, Montpellier (France) and :('entre de 
Recherches de Biochimie rnacromolbculaire, CNRS LP8402 and INSERM U249, Montpellier (France) 

(Received 28 June 1989; Revised version received 28 August 1989; Accepted 4 September 1989) 

Key words: Glutamate receptor; Metabotropic quisqualate receptor; Protein kinase C; Activation; Phos- 
phoinositide metabolism; Primary culture of striatal neurons 

In striatal neurons in primary culture quisqualate potently stimulated the formation of inositol phos- 
phates via a metabotropic receptor we recently termed Qp in order to distinguish it from the classical ion()- 
tropic quisqualate receptor termed Q,. Here we show that 10/tM of quisqualate activated in a rapid and 
transient manner protein kinase C as assessed by its translocation from the cytosolic to the membrane 
fraction. As 10/~M ~-amino-3-hydroxy-5-methylisoxazole-4-propionic acid (AMPA), the Q~ specific ago- 
nist, was without effect, this translocation was most probably mediated by the Qp receptor. Phorbol 
12,13-dibutyrate blocked in a dose-dependent manner the Qp receptor-induced inositol phosphate forma- 
tion (IC50=2 +0.4 nM). The inactive ester 4a-phorbol-12,13-didecanoate was without effect. Very low 
concentrations of staurosporine completely reversed the phorbol 12,13-dibutyrate-induced blockade 
(ICs0=2.2+ 1.3 nM). It can therefore be concluded that the Qp receptor is able to activate protein kinase 
C and that the activity of this metabotropic receptor is regulated by protein kinase C. 

The classical act ion of excitatory amino  acids is the act ivat ion of different types 

of ion channels  via different receptors. These receptors had been termed following 

their specific agonists N-methyl-D-aspartate,  kainate  and  quisqualate  (Q) receptors 

[18]. A certain a m o u n t  of recent evidence suggests that the kainate  and Q receptor 

might in fact be the same molecular  entity [10]. We have previously demonst ra ted  

that  in addi t ion  to these ionotropic  receptors, excitatory amino  acid receptors are 

able to st imulate the format ion  of inositol  phosphates via a Q receptor [12, 14]. In 

a recent review we termed this new metabot ropic  receptor Qp and  the classical iono- 

tropic receptor Qi [15]. Similar findings have now been reported in other systems (see 

review in ref. 15). A second metabotropic  excitatory amino  acid receptor discovered 
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Fig. 1. Time course of  the quisqualate-induced redistribution of  protein kinase C activity. 14 DIV striatal 

neurons were incubated for designated times with 10 pM quisqualate. Protein kinase C activity was as- 

sayed in the particulate (left figure) and in the soluble fraction (right figure). Values represent mean + 
S.E.M. of  3 independent determinations. Statistical significance was determined using Student 's  t-test. 

**P < 0.01 as compared to control. 

in the hippocampus [8] has a slightly different pharmacology from the Qp receptor. 
This receptor was most potently stimulated by ibotenate and could be blocked by 
2-amino-4-phosphonobutyrate (APB). A link between these metabotropic receptors 
and protein kinase C has not been reported yet. 

Cultured striatal neurons were prepared and inositol phosphate formation was 
measured as previously described [14]. For protein kinase C assay, cultures were 
treated with phorbol esters or drugs in the same buffer used in inositol phosphate 
experiments but in absence of LiCI. Incubations were stopped by removing the 
medium and putting the cultures on ice. The cells were scraped in 1.0 ml per well 
of cold buffer A containing 20 mM N-[2-hydroxyethyl]piperazine-N'-[2-ethanesulfon- 
ic acid], pH 7.4, 2 mM ethylene glycol-bis-(fl-aminoethyl ether) N,N,N',N'-tetraace- 
tic acid, 2 mM phenylmethylsulfonyl fluoride, 2 mM D,L-dithiothreitol, 10 /tg/ml 
soybean trypsin inhibitor, 10/ag/ml pepstatin, 10/zg/ml leupeptin, 25 ~tg/ml aproti- 
nin. The cells were disrupted mechanically with a teflon-glass homogenizer and cen- 
trifuged 25 min at 50,000 g. The soluble fraction was saved and the pellet resuspended 
in buffer A containing 0.1% Triton X-100. The suspension was kept during 45 min 
at 0°C, and then centrifuged for 25 min at 50,000 g. The resulting supernatant con- 
tained solubilized membrane components and is called the particulate fraction. For 
protein kinase C assay, both fractions were adjusted to contain 0.05 % Triton. Their 
kinase activities were tested in the presence and in the absence of phorbol ester and 
phosphatidylserine. Assays (final volume 100/A) contained 20 mM N-[2-hydroxy- 
ethyl]piperazine-N'-[2-ethanesulfonic acid], pH 7.5, 1 mg/ml Histones III S as sub- 
strates, 80/tg/ml phosphatidylserine, 1/IM phorbol 12-myristate 13-acetate (PMA), 
10 mM MgC12, 1.83 mM CaC12, 2 mM ethylene glycol-bis-(fl-aminoethyl ether)- 
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N,N,N',N'-tetraacetic acid, 1 mM D,h-dithiothreitol, 0.01% Triton X-100, 0.1 mM 
[~-32p]ATP (spec. act. 300 cpm/pmol) and 20/21 of soluble or particulate fractions. 
The reaction was initiated by addition of the [7-32p]ATP. After 5 min of incubation, 
a 50/~l aliquot was spotted on Whatman P81 cation exchange paper. Papers were 
washed 3 times in ice-cold water, dried and counted by liquid scintillation spectro- 
metry. Protein kinase C activity was defined as the difference between the activities 
measured in the presence and absence of  PMA and phosphatidylserine. 

Activation of protein kinase C was determined by measuring its translocation. In 
striatal neurons under basal conditions 37.2_+ 2.9 % (n=4)  of the total cellular pro- 
tein kinase C activity was found in the particulate fraction and 62.8 ± 2.9 % (n = 4) 
in the soluble fraction. Treatment of the cultures during 10 min with 100 n M of  phor- 
bol 12,13-dibutyrate increased the membrane bound activity to 64.8_+4.5% (n=4)  
and decreased the soluble activity to 35.2_+ 5.5 % (n = 4). Total kinase activities were 
3.86 ± 0.38 nmol PO4/min/mg protein (n = 4) and 5.82 ± 1.013 nmol PO4/min/mg pro- 
tein (n = 4) in control and phorbol 12,13-dibutyrate-treated cells, respectively. 

The Q-induced translocation of  protein kinase C was very rapid and transient. At 
30 s there was a significant increase in the membrane fraction and a significant de- 
crease of  the cytosolic fraction (Fig. 1). 10/2M of the Qi selective agonist AMPA had 
no effect on the distribution of protein kinase C activity at 30 s (data not shown). 
The time course of the Q-induced protein kinase C translocation was very different 
to the one reported for phorbol 12,13-dibutyrate [19]. The phorbol 12,13-dibutyrate- 
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Fig. 2. Dose response relationship for phorbol 12,13-dibutyrate action on quisqualate induced inositol 
phosphate formation. Inositol phosphate formation was examined as described in the text. Phorbol 
12,l 3-dibutyrate was added to obtain the indicated final concentrations, 10 min prior to the 30 min stimu- 
lation period with 10 itM quisqualate. Phorbol 12,13-dibutyrate did not  alter basal formation of inositol 
phosphates,  at the maximal concentration tested (0.1/tM). The action of  0.1/~M phorbol 12,13-dibutyrate 
was not mimicked by 0.1 /2M 4~-phorbol 12,13-didecanoate, a non- tumor-promoting phorbol ester. Re- 

sults are means  of  duplicate determinations and the experiment shown was typical for 2 others. 
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induced translocation reached its maximal value 5 min after phorbol 12,13-dibutyr- 
ate addition and remained constant thereafter [19]. A rapid and transient effect simi- 
lar to the one shown in Fig. 1 has also been observed after activation of other trans- 
membrane receptors as for example the muscarinic cholinoceptor [17] or the receptor 
for thyrotropin releasing hormone [2]. An explanation for these different types of 
kinetics could be that very rapidly after stimulation of phosphoinositidase by a trans- 
membrane receptor there is an activation of a second enzyme able to inhibit protein 
kinase C. Sphingomyelinase is a good candidate for such a role. This enzyme cuts 
sphingomyelin into ceramide and phosphocholine. Ceramide is then transformed 
into sphingosine, thought to be the endogenous inhibitor of protein kinase C (for 
a review see ref. 4). Phorbol esters do not stimulate this shut off pathway and induce 
therefore a long lasting translocation of protein kinase C. 

Activation of protein kinase C by phorbol esters leads in general to the inhibition 
of hormone or neurotransmitter receptor-induced inositol phosphate formation in a 
great number of tissues (see for example ref. 13). In Fig. 2 we show that phorbol 
12,13-dibutyrate inhibited in a dose-dependent manner the Qp receptor-evoked 
inositol phosphate-formation (IC50 = 2___ 0.4 nM). One hundred nM of the inactive 
phorbol ester 40t-phorbol-12,13-didecanoate did not decrease significantly the Qp 
receptor stimulated inositol phosphate formation (data not shown). It has recently 
been shown that phorbol esters and other diacyiglycerol analogs are able to depress 
Ca 2+ currents in chick sensory neurons [3]. The protein kinase C inhibitors stauro- 
sporine, sphingosine and H-7 did not reverse this Ca 2÷ current depression. This effect 
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Fig. 3. Dose-response relationship for staurosporine inhibition of phorbol 12,13-dibutyrate blockade. 
Staurosporine was added to obtain the indicated final concentrations, 4 min prior to and 10 nM phorbol 
12,13-dibutyrate 2 min prior to the 30 min stimulation period with 10 pM quisqualate. Staurosporine did 
not alter both basal and quisqualate induced inositol phosphate formation. The results are means of dupli- 
cate determinations and the experiment shown was typical for 2 others. 
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of phorbol esters was therefore not due to an activation of protein kinase C. In view 
of this report it was essential to confirm our finding by testing the effect of stauro- 
sporine on the phorbol 12,13-dibutyrate-induced blockade of the Qp response. 
Already very low concentrations of staurosporine reversed the phorbol 12,13-dibu- 
tyrate blockade (ICs0 = 2.2 + 1.3 nM; Fig. 3) indicating that the phorbol 12,13-dibu- 
tyrate-induced inhibition of the Qp receptor mediated inositol phosphate formation 
was due to an activation of protein kinase C and not to a side effect of the phorbol 
ester. 

What could be the physiological role of metabotropic excitatory amino acid recep- 
tor activation leading to an increase of the inositol phosphate formation and, as 
demonstrated for the first time in the present study, to an activation of protein kinase 
C? It has been shown that the inositol phosphate effects mediated by the Ibo prefer- 
ring receptor in the hippocampus and by the Qp receptor in rat brain synaptoneuro- 
somes (see review in ref. 15) were highest during the major period of synaptogenesis 
and remained detectable in the adult. The great activity of metabotropic excitatory 
amino acid receptors in the developing brain as well as the observation that there 
were high concentrations of protein kinase C and its substrates (as for example the 
brain-specific protein kinase C substrate termed F1 having a molecular weight of 47 
kDa [7] in growth cone-rich regions of the central nervous system [6] may suggest 
a role for these receptors in synaptogenesis. 

The metabotropic excitatory amino acid receptors could also be implicated in the 
long-term potentiation (LTP) phenomenon. LTP is a long-lasting increase in synaptic 
efficacy induced by high-frequency stimulation of specific pathways in hippocampus. 
It has been shown that excitatory amino acids mediate this effect (for reviews see refs. 
1, 16). There is a lot of evidence that activation of protein kinase C is necessary for 
the maintenance of LTP [5, 11]. Our finding that metabotropic excitatory amino acid 
receptors of the Qp type are able to activate protein kinase C indicates that this type 
of receptor might be implicated in this phenomenon. 
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