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Abstract

o, ;-Adrenoceptors immunoprecipitated with protein kinase: C5, and ¢ isoforms under basal conditions and such coimmunoprecip-
itations were increased in cells treated with phorbol myristate acetate. The increased coimmunoprecipitations induced by phorbol
myristate acetate were concentration-dependent and reached their maxima 1 to 2 min after the addition of the tumor promoter. No
coimmunoprecipitation of protein kinase £ and «,,-adrenoceptors was detected. Norepinephrine, endothelin-1, lysophosphatidic acid
and epidermal growth factor were also able to increase the coimmunoprecipitation of protein kinase C isoenzymgadmehoceptors.

These data support the idea that protein kinase-receptor complexes might form and could be relevant in receptor dese@sAfHition.
Published by Elsevier Science B.V.
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1. Introduction ceptors. Agonist-induced phosphorylation ®f -adrenoc-

Receptor phosphorylation seems to be a cardinal initial eptors seems to. be mediated by .G proteln-coupl§d receptpr

event in desensitization of G protein-coupled receptor sig- kinase 2 and 3 isoenzymés Diviani et _al., 1996; lacovell
et al., 1999 , whereas the phosphorylation of these adreno-

naling. Two major types of desensitizations exist: homolo- S ; . :
o ceptors by protein kinase C mainly participates in heterolo-
gous and heterologous desensitizations. Homologous de-

sensitization, in which receptors occupied by agonists g?;‘? dfgg;lls'tc'gigz%(?r:‘égg'ze;taall-l’ 12909070;'\2;2:2-28-2:22(1;
reduce their responsiveness, mainly involves receptor y ’ g ,

. ; : al., 2000; Medina et al., 2000 .
phosphorylation by G protein-coupled receptor kinases. o . :
o . . : : Protein kinase C is a family of enzymes that have been
Heterologous desensitization, in which the stimulation by . . : ) .
._divided into three structurally related groups: conventional
an agent attenuates the response to an unrelated agonist, 81, Bll and ), novel (5 9 and ) and atypical
mainly involves phosphorylation of receptors and other %P v &0 7 ® yp

. g o . : (¢ and A) isoenzymes, with different requirements for
signaling entities by second messenger-activated kinases, > .
o T P .~ _talcium and diacylglycerdl Newton, 1995 . Although great
such as protein kinase A and protein kinase C Gartia-Sainz . o
progress has been achieved, it is yet far from clear what

et al.,, 2000 . Current ideas indicate that protein kinases . ;
. ) role(9 each isoenzyme plays and to what extent their
and phosphatases form dynamic complexes with substrate .
unctions overlap.

and anchoring proteins; such dynamic complexes are orga- . .
. . . . . In the case ofa,,-adrenoceptors, there is no informa-
nized and coordinated through specific protein—protein and _. 1o . . .
tion on the protein kinase C isoenzymes that participate in

E:Oégl?;p:%ﬁg?ﬁglih:: e;gﬁﬂgsrggdogsssﬂgr%ugz tl:}gtS: dreceptor phosphorylation and desensitization. We took ad-
9 9 P 9 vantage of the availability of antibodies that effectively

(Pawson and Scott, 1997 . . . v
a,-Adrenoceptors are members of the superfamily of |mmunopreC|p|tat¢a1b-adrenocepf[ors(_ azque_z-Prado et
1b al., 1997 to define what protein kinase C isoenzymes

the seven transmembrane domains G-protein-coupled re_coimmunoprecipitate with the adrenoceptor, under basal

and stimulated conditions. Our data indicate that in rat-1
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these adrenoceptors under basal conditions and that such aecco’s modified Eagle’s medium supplemented with 10%

coimmunoprecipitation is increased by agents that induce fetal bovine serum, 30@ug/ml of the neomycin analog,

receptor phosphorylation. G-418 sulfate, 10qug/ml streptomycin, 100 Yml peni-
cillin and 0.25p.g/ml amphotericin B at 3T under a
95% air/5% CQO, atmosphere as described previously

2. Materials and methods (Vazquez-Prado et al., 1997, 2000 . In all the experiments,
confluent cells were serum-deprived overnight in unsup-
2.1. Materials plemented Dulbecco’s modified Eagle’s medium.

Dulbecco’s modified Eagle’s medium, EGF epidermal 2.3. «,,-Adrenoceptor-protein kinase C coimmunopr ecipi-
growth facto) , fetal bovine serum, protein kinase C isoen- tation studies
zyme-selective antibodies and others reagents used for cell
culture were obtained from Gibco BRI—)-Noradrena- a,,-Adrenoceptors were immunoprecipitated as de-
line, lysophosphatidic acid, endothelin-1, phorbol myristate scribed previously( Vazquez-Prado et al., 1997, 2000 ,
acetate( PMA , phospho-amino acids and protease in-with minor modifications. In brief, following treatment
hibitors were from Sigma. Sepharose-coupled protein A with inhibitors and/or agonists, cells were washed with
was from Upstate Biotechnology. Nitrocellulose mem- ice-cold phosphate-buffered saline and lysed for 1 h on ice
branes were from Bio-Rad. Secondary antibodies werein buffer containing 10 mM Tris—HCI, pH 7.4, 50 mM
from Santa Cruz Biotechnology and the chemilumines- NaCl, 5 mM EDTA, 1% Triton X-100, 0.05% sodium

cence kits were obtained from Pierce. dodecyl sulfate, 50 mM NaF, 10@M NazvO,, 10 mM
B-glycerophosphate, 10 mM sodium pyrophosphate, 1 mM
2.2. Cdll line and culture phosphoserine, 1 mM phosphothreonine and protease in-
hibitors (20 pg/ml leupeptin, 20p.g/ml aprotinin, 100
Rat-1 fibroblasts transfected with the hamsier,- pn.g/ml phenylmethylsulfonyl fluoride, 50Q.g/ml baci-

adrenoceptor, generously provided to us by Drs. R.J.tracin, 50 .g/ml soybean trypsin inhibitdr . Cell lysates
Lefkowitz, M.G. Caron and L. Aller( Duke University , were centrifuged at 12,700 g for 15 min and the super-
were cultured in glutamine-containing high-glucose Dul- natants were incubated overnight 4CAwith the antiex -
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Fig. 1. Time course and concentration—response curves for the effect of PMA on the coimmunoprecipitatjgrmafenoceptors and protein kinase C
isoforms. Upper panels: Cells were incubated for the times indicated in the presengd/bPMA. Lower panels: Cells were incubated with the indicated
concentration of PMA for 2 min. Data were normalized to the coimmunoprecipitation observed in the absence of étimulis 100% . Plotted are the means
and vertical lines represent the S.E.M. of four to five determinations using different cell cutiyge8R, a ;;adrenoceptors. Representative immunoblots

are presented.



R. Alcantara-Hernandez et al. / European Journal of Pharmacology 419 (2001) 9-13 11

adrenoceptor antiserufn “Vazquez-Prado et al., 1997 andsoforms. Concentrations of the agents to maximally stimu-
protein A-Sepharose. After four washes with 50 mM late phosphorylation and a incubation time of 2 min were
HEPES, 50 mM NaH PO , 100 mM NaCl, pH 7.4, 0. 1% used. As shown in Fig. 2, norepinephrine, endothelin-1,
Nonident P40, the immune complexes were denatured bylysophosphatidic acid and EGF were able to increase the
boiling in sodium dodecy! sulfate-sample buffer containing coimmunoprecipitation of protein kinase C isoenzymes

5% B-mercaptoethanol, and subjected to 7.5% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis. Pro-
teins were electrotransferred to nitrocellulose membranes
and immunoblotting was performed. Incubation with the
protein kinase C isoenzyme-selective antibody was for 12
h at £C and with the secondary antibody for 3 h at room
temperature. Super signal enhanced chemiluminescence
kits from Pierce were used exposing the membranes to
X-Omat X-ray films. The level of receptor immunoprecipi-
tated under these conditions was consistent as evidenced
by immunoblotting( see figurés and represented 80—85%
of total a;,-adrenoceptors as evidenced by immunoprecip-
itation of photoaffinity-labeled receptdr "Vazquez-Prado et
al., 1997, 200D ; protein kinase C coimmunoprecipitation
was assessed by densitometric analysis.

3. Reaults

As shown in Fig. 1( upper panels , we were able to
detect coimmunoprecipitation oé ,,-adrenoceptors with
the «, 8, and ¢ isoforms of protein kinase C under basal
conditions and such coimmunoprecipitations were in-
creased in cells treated with PMA. The increased-
adrenoceptor-protein kinase C coimmunoprecipitations in-
duced by PMA reached their maxima 1 to 2 min after the
addition of the tumor promoter and remained at high level
for at least 5 min. Thirty minutes after the stimulation with
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the phorbol ester the coprecipitation of the different pro-
tein kinase C isoforms withx, -adrenoceptors was still
above basal, but only= 30—-40%¢( data not shown . At-
tempts to detect coimmunoprecipitation of protein kinase
C ¢ and a,,-adrenoceptors were unsuccessful, although
this isoform was easily detected in cell extratts data nor
shown, see Garcia-Sainz and Alcantara-Hernandez,)1998 .
These isoforms were observed as discrete bands of protein
kinase Ca (= 80 kDa; in some experiments see Figs. 1
and 2 as a doublet= 80-82 kDa and the bands were
guantitated togethgr , protein kinased&(= 78 kDa and
protein kinase Ce (= 95 kD3, in agreement with previ-
ous studie§¢ Garcia-Sainz and Alcantara-Hernandez,)1998 .
The concentration—response curves to PMA for the differ-
ent protein kinase C isoforms are presented also in Fig. 1
,(Iower panel%_' It can _b,e o_bserV_Ed that all the ISqurmS Fig. 2. Effect of hormones on the coimmunoprecipitatiorngf-adrenoc-
increased their coprecipitation with,,-adrenoceptors in  gpiors and protein kinase C isoforms. Cells were incubated for 2 min in
concentration-dependent fashions, but that the magnitudethe absence of any agent) B or presence ofuMd norepinephring NE |,
varied from almost threefoldl protein kinase &) to less 10 nM endothelin-1( ET-L , 1M lysophosphatidic acid LPA or 100
than twofold( protein kinase G and ¢ isoforms . ng/ml EGF (EGB . Data were normalized to the coimmunoprecipitation

. . - observed in the absence of stimulus 100% . Plotted are the means and
We next studied if other agents known to mduﬁgﬂ_ vertical lines represent the S.E.M. of four to five determinations using

adrenoceptqr p_hOSphorylat'on were able to Increase COIM-gifferent cell cultures.a;,-AR, aradrenoceptors. Representative im-
munoprecipitation of these receptors and protein kinase Cmunoblots are presented.
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and «,-adrenoceptors. There was some variation in the 1999 . Also recently, Shih et all 1999 reported that

ability of these agents to induce coprecipitation of the protein kinase A and protein phosphatases associate with

different kinase isoforms. B,-adrenoceptors forming dynamic complexes with partici-
pation of the anchoring protein gravin. Our current data
further support the idea that protein kinase-receptor com-

4. Discussion plexes could be relevant in receptor desensitization. Fur-
ther experiments will be required to define if other molecu-

It is known that rat-1 fibroblasts express protein kinase lar entities are involved and the relevant 6ile s for such

C a, 8, £ and¢ isoforms( Berti et al., 1994; Gdrcid-Sainz interactions.

and Alcantara-Hernandez, 1998 . In the present work, we

showed that protein kinase C isoforms immunoprecipitate

with o, -adrenoceptors in the basal state and that agentsp ck nowledgements

known to increasex,,-adrenoceptor phosphorylation pro-

moted such coimmunoprecipitatidn Diviani et al., 1997; : :
P ' ! This research was partially supported by Grants from
Vazquez-Prado et al., 1997; Casas-Gonzalez et al., 2000; P y Supp y

. . . Direccion General de Asuntos del Personal Acaderqico IN
Gardla-Sainz et al., 2000; Medina et al., 2D00 . 0

S ANt . 2051 jo Nacional ienci Tecnol
Activation of protein kinase C is well known to block (20;5:5,\) and Consejo Nacional de Ciencia y Tecriologia

a,,-adrenoceptor actions and to induegadrenoceptor

phosphorylation( Diviani et al., 1997; Vazquez-Prado et

al., 1997; Casas-Gonzalez et al., 2000; Gar¢ia-Sainz et al.,

2000; Medina et al., 2000 . The protein kinase C-catalyzed References
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