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Table 2. Association and dissociation kinetics for [3H]NECA binding to A2 receptors in the absence and presence of 
700 nM PACPX 

Association K ObS K+I Dissociation Tt K-1 
conditions (min-‘) (min-’ nM-i) conditions (min) (min-‘) 

(a) [ 3H]NECA 0.053 ” 0.007 0.0045 5 PM 2-CAD0 20.2 4 2.7 0.035 2 0.004 
(b) [ 3H]NECA 

+ 700 nM PACPX 0.047 rt 0.003 0.0035 5 PM 2-CAD0 21.3 ? 2.9 0.033 If- 0.004 
(c) [ 3H]NECA 5 PM 2-CAD0 

+ 700 nM PACPX 21.2, 27.8 0.033, 0.025 

Results are mean 2 SD for 3-5 separate observations except in condition c where the results from two separate 
observations are given. Conditions a and b represent association and dissociation parameters from experiments in which 
4 nM [3H]NECA was incubated, in the presence and absence of 700 nM PACPX, with striatal membranes in the presence 
of 50 nM CPA to label A2 receptors. Condition c represents the dissociation parameters of 4 nM [3H]NECA when 
dissociation was initiated by the addition of 5 PM 2-CAD0 and 700 nM PACPX. Kinetic parameters were determined 
as described bv Burt 1191 where K,, = association rate, K-i = dissociation rate. KObS = observed association rate, and 
Tt = dissociat;on half%e. 

xanthmes with adenosine receptors and gain further infor- 
mation as to the steric requirements for high affinity binding 
and for the reasons related to the pronounced interspecies 
differences previously reported [16,20]. That xanthine 
interactions may not always be described in terms of a 
simple competitive interaction is suggested by the finding 
[22] that chronic caffeine treatment can attenuate in vitro 
responses to the xanthine, as measured by the ability of the 
xanthine to increase transmitter release, but not those 
associated with adenosine agonist effects. 
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Alpha,-adrenergic receptor photoaffinity labeling in intact cells 

(Received 14 November 1986; accepted 18 May 1987) 

The molecular characterization of the cui-adrenergic recep- unit has a molecular weight in the range of 75,0&l-80,000 
tor has been the focus of intense research for the past daltons [2-51. The cu,-adrenergic receptor in non-hepatic 
several years [l]. Photoaffinity labeling and purification of tissues appears to have a similar subunit molecular weight 
the receptor from rat hepatic membranes suggest that the based on photoaffinity labeling of the receptor in membrane 
major polypeptide representing the hormone binding sub- preparations [6-81. To date, however, there have been no 
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reports in which photoaffinity labeling of the native a,- 
adrenergic receptor has been demonstrated, using either 
intact cells or whole tissues. In this report, we use the 
photoaffinity analog of prazosin, 2-[4-(4-azido-3-iodoben- 
zoyl)piper~in - 1 - yl] -4 -amino - 6,7 - dimetho~quinazoline 
([‘251]CP65,526), to identify and compare the Lu,-adrenergic 
receptor in intact DDT, MF-2 smooth muscle cells and 
smooth muscle cell membranes. Our data suggest that, in 
intact cells, the a,-adrenergic receptor may be hetero- 
geneous with two subunits of 79,000 and 75,000 daltons. 

Materials and method 

Materjals. DDT, MF-2 smooth muscle cells were grown 
in culture to confluency as previously described [9]. Carrier- 
free Na[rz51] was purchased from Amersham, Inc. 
[3H]Prazosin (82 Ci/mmol) was obtained from New Eng- 
land Nuclear, Inc. 11251]CP65,526 (sp. act. 2175 Ci/mmol) 
was prepared by radioiodination of the prazosin. analog 
2-C4-~4-azido-3-iodobenzovl~~iwrazin-l-vl~-4-amino-6. 7- 
di~e~hoxyquina~oline (CP6?,&5) and #purified as pre- 
viously described [4]. Bovine pancreatic deoxyribonuclease 
I (DNase) and all other chemicals were obtained from the 
Sigma Chemical Co. Cell culture reagents were purchased 
from Biofluids, Inc. Low molecular weight proteins 
(14,000-95,000 daltons) for electrophoresis calibration 
were obtained from Pharmacia. 

DDT, MF-2 cell and membranepreparatiun. DDT, hW- 
2 cells were harvested by cent~fu~ation at 12~~rn for 
10min and then were washed twice in 50ml volumes of 
buffer A (150 mM NaCl. 15 mM MeCI,. and 10 mM Tris- 
HCl, 2.5 mM EGTA”; pH 7.4). Thk final cell pellets were 
resuspended in 10-15 ml of buffer A, and cell counts were 
measured with a hemocytometer. Cell viability was deter- 
mined by trypan blue exclusion. Only preparations that 
demonstrated greater than 90% viability were used in an 
assay. Plasma membranes from DDTr MF-2 cells were 
prepared as described by Cornett and Norris [9]. 

Whole cell and membrane binding assay. Equilibrium 
saturation binding experiments were done by incubating 
5 x lo5 DDT, MF-2 ceils or 1OO~g of cell membranes with 
increasing concentrations of [‘Hlorazosin (0.1 to 6.0 nM) 
in the abience or presence of 1.5 PM prazosin for 30 min 
at 23”. Final assay volumes were 150-300 ~1, and all assays 
were done in triplicate. The binding assays were terminated 
by placing the assay tubes in ice water for 10 min followed 
by the addition of 4 ml of ice-cold wash buffer (100 mM 
Tris-HCI, pH 7.4) and vacuum filtration through S&S glass 
fiber filters. The filters were washed with an additional 
3 x 4 ml buffer and counted for trapped radioactivity in 
10 ml of ~intillation cocktail. 

Photoa~n~~ labeling of aI-adrenergic receptors. DDT, 
MF-2 membranes 150-200 ua’l in 100 ul buffer B tXl0 mM 
Tris-HCl, 5 mM EDTA, l’n& MgC$, pH 7.4) were incu- 
bated with 25~1 of [12sI]CP65,526 (0.3nM) and 25~1 of 
buffer or competing ligand for 45 min at 23” in the dark. 
The samples were photolyzed for 15 min with a hand held, 
long wave ultraviolet lamp (Ultraviolet Lamp, Inc.). Fol- 
lowing photolysis, 1 ml of ice-cold buffer B containing 
1 mM glutathione was added to each sample. The samples 
were centrifuged for 5 min in an Eppendorf Microfuge, and 
the supernatant fractions were discarded. The membrane 
pellets were resuspended in 100 ~1 of high sucrose quench 
buffer (30% sucrose, 0.45 M DTT, 6% SDS, 60mM 
EDTA, and bromphenol blue) and allowed to solubilize 
overnight in the dark before SDS-PAGE analyses on 10% 
polyacryIamide geis [lo]. 

Intact smooth muscle cells (1 x lo6 cells) in 400 ,ul buffer 

* Abbreviations: EGTA, ethyleneglycolbis (amino- 
ethylether)tetra-acetate; D’IT, dithiothreitol; SDS, sodium 
dodecyl sulfate; SDS-PAGE, sodium dodecyl sulfate-poly- 
acrylamide gel electrophoresis; and PMSF, phenylmethyl- 
sulfonyl fluoride. 

A were incubated with 50~1 [‘*51]CP65,526 (0.3 nM final) 
and 50 ~1 of buffer or competing ligand for 10 min at 23” in 
the dark. The samples were photolyzed for 15 min with a 
long wave ultraviolet lamp, then SOOfll of ice-cold buffer 
A containing 1 mM glutathione was added, and the cells 
were pelleted for 1 min in an Eppendorf Microfuge. The 
cell pellets were lysed by resuspending in 15 ~1 of10 mM 
MgClz containing 1Opg of DNase followed directly by 
addition of 1 ml of distilled water with or without protease 
inhibitors [I mM PMSF, 5 mM EGTA, 1 mM bacitracin, 
10 pg/ml leupeptin, 10 ,ug/ml chymostatin, 20 pgg/ml anti- 
Rain, and 10 uziml sovbean trvnsin inhibitor (SBTIII. The 
samples were i&bated for 30-&n at 37”, and the materiaf 
from the lysed cells was pelleted by centrifugation for 5 min 
in the microfuge. The pelleted material was resuspended 
in 100~1 of hish sucrose auench buffer and solubilized 
overnight at 2? before SDS-PAGE analysis. The 10% 
acrylamide gels were dried on a BioRad gel drier, and 
autoradiography was performed by exposing Kodak KAR- 
5 film on the dried gels at -70” for 3-9 days. Treating 
the whole cell lysates with DNase was necessary because 
nuclear material was found to interfere with SDS-PAGE. 
No difference in the photolabeling profile for membranes 
was observed when treated under the same conditions. 

Data analysis. Radioligand binding data were evaluated 
with the mass-action based, weighted, nonlinear curve- 
fitting procedure LIGAND [ 111, on a Vax Digital computer 
system. Molecular weights of the photolabeled peptides 
were determined by linear regression analysis based on the 
mobility of protein standards electrophoresed simul- 
taneously. The ability of prazosin and epinephrine to inhibit 
photoaffinity labeling of the cu,-adrenergic receptor sub- 
units in the autoradiographs was evaluated as follows. 
Autoradiographs of the polyacrylamide gels demonstrating 
the various peptides labeled with [‘“I]CP65,526 in the 
absence or presence of prazosin or various concentrations 
of epinephrine were scanned using an LKB 22202 Laser 
Densitometer. The relative intensity of the individual bands 
was calculated from the integrated relative areas obtained 
using a Hewlett-Packard Integrator. Labeling in the 
absence of competing ligand was used to determine “total 
binding” and that in the presence of phentolamine (1O-s M) 
was used to determine “non-specific binding”. Labeling in 
the presence of competing ligands, normalized for “specific 
binding” (total - non-specific), was then used to evaluate 
specific “binding”. Under the photolabeling conditions 
described above, I-10% of the label was incorporated in 
the receptor bands based on the densiometric analysis of 
the autoradiographs. 

Results and discussion 

[3H]Prazosin bound specifically and with high affinity to 
an apparently homogeneous population of a,-adrenergic 
receptors on intact DDT, MF-2 cells. The dissociation 
binding constant (K,) of the receptor for [3H]prazosin, 
calculated by Scatchard analyses of saturation binding 
experiments, was 0.14 2 0.01 nM (N = 3) with a cor- 
responding B,,, of 49,000 t 3330 sites per cell (data not 
shown). A similar Ka was calculated for [3H]prazosin bind- 
ing to cu,-adreneraic receptors in DDT, membranes 
(Oyl2 +- 0.02 nM; N= 3). _ 

Demonstration of [‘251]CP65,526 photoaffinity labeling 
of or-adrenergic receptors in DDT, MF-2 membrane prep- 
arations (A) or whole DDT, MF-2cells (B) is presented in 
Fig. 1. Specific labeling of two proteins bands with subunit 
molecular weights of approximately 75,~80,~ daftons 
and 35,000-40,000 daltons was observed in membrane tis- 
sue preparations. Specificity of labeling was demonstrated 
by the absence of [‘251]CP65,526-labeled bands when DDT, 
MF-2 membranes were coincubated with 1 uM unlabeled 
prazosin before photolysis. The p-adrenergic receptor 
antagonist alprenolol (1 .&I) did not inhibit labeling of 
either protein band. The 30,~,~ dahon protein 
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Fig. 1. Photoaffinity labeling of a,-adrenergic receptors in DDTi MF-2 membranes (A) and intact cells 
(B) with [iZI]CP65,526. DDTi MF-2 membranes were incubated with radioligand and either buffer, 
prazosin (1 PM) or alprenolol (1 PM), photolyzed, and then analyzed by SDS-PAGE as described in 
Materials and Methods. DDTi MF-2 cells were incubated with radioligand and either buffer or increasing 
concentrations of prazosin as indicated. The arrows refer to labeled bands between 75,000-80,000 M, 
and 35,000-40,000 M,, which are specifically inhibited by prazosin but not by alprenolol. Molecular 

weights of known protein standards, electrophoresed simultaneously, are shown. 

species was always apparent in membranes despite the use 
of multiple protease inhibitors of varying specificities (see 
Materials and Methods). The inhibition of [‘zsI]CP65,526 
photoaffinity labeling of this peptide could be demonstrated 
only with prazosin and not with phentolamine or epine- 
phrine (not shown), suggesting that it is not a proteolytic 
fragment of the receptor. It is of interest to note that a 
protein band of similar molecular weight purified from 
DDTi MF-2 membranes has been shown to be phospho- 
rylated by the phorbol ester PMA (121. 

SDS-PAGE analyses of DDT, MF-2 whole cell photo- 
affinity labeling with [iZI]CP65,526 demonstrate that two 
distinct bands having subunit molecular weights of 
79,000 + 1900 daltons and 75,000 t 1800 daltons (N = 7) 
were labeled (Fig. 1B). The labeling of both bands was 
blocked dose dependently by prazosin. The non-selective 
cu-adrenergic receptor antagonist phentolamine (1 ,uM) also 
inhibited [‘ZI]CP65,526 receptor labeling; however, the fi- 
adrenergic receptor antagonist propranolol (1 PM) did not 
(data not shown). Interestingly, there was no photoaffinity 
labeling of a 35,OW-40,000 dalton protein species in DDTl 
MF-2 whole cells as was observed in membrane prep- 
arations (Fig. 1A). 

The nhotoaffinitv labeling of two bands between 75,000 
and 8O$lO daltons on intact DDT, MF-2 cells was sup- 
ported by analyses of autoradiograms using laser den- 
sitometry (Fig. 2). A biphasic densitometry tracing was 
observed for labeled receptor on intact cells (top) compared 
to a monophasic (Gaussian) curve, which was observed for 
labeled receptor in membranes (bottom). Inhibition of 
photolabeling by prazosin (1 yM) is also shown in the 
tracings. 

The ai-adrenergic receptor agonist epinephrine blocked 
labeling of both bands in a stereoselective manner. Figure 
3 demonstrates that the labeling of both receptor bands in 
whole cells was inhibited by (-)epinephrine (lanes 4 and 
5) to a greater degree than by (+)-epinkphrine (lanes 6 and 
7). This effect is more clearlv shown in Table 1. which 
demonstrates inhibition of receptor labeling by prazosin 
and epinephrine based on laser densitometric analysis of 
the lanes in Fig. 3. At each concentration of epinephrine 
tested (10W4M, 10m6M), labeling of both bands in the 
presence of the (-)stereoisomer was decreased compared 
to the labeling in the presence of the (+)stereoisomer. 
Dose-dependent inhibition of the labeling of both bands by 
prazosin was also evident. 

Several groups have reported the labeling of multiple 
peptides ofthe &-adrenergic receptor in hepaiic membrane 
oreoarations. Kunos et al. 121 identified a major 80.000 
halion band as well as a minor 58,000 subunit. The labeling 
of three subunits having molecular weights of 80,000, 
68,000, and 58,000 daltons was subsequently demonstrated 
by Seidman et al. [4]. Leeb-Lundberg et al. [3] have demon- 
strated labeling of the a,-adrenergic receptor in the variety 
of mammalian tissues. The receptor subunit molecular 
weight for the major protein species labeled in their studies 
ranged from 78,000 to 85,000 daltons. Minor specifically 
labeled peptides of lower molecular weight (35,000-40,000 
daltons) were observed in membranes from rat liver and 
spleen as well as in rabbit spleen. Terman and Insel [8] 
reported labeling of the cu,-adrenergic receptor in mem- 
branes prepared from rat heart ventricle and rat heart 
ventricular myocytes and observed that, in rat ventricular 
membranes, two bands of 77,000 and 68,000 daltons were 
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Fig 2. Laser densitometric analysis of photolabeled a,-adrenergic receptor from whole DDTi MF-2 
cells (top) or membranes (bottom). Representative autoradiograms of receptor labeling in cells and 
membranes were scanned using an LKB Scanning Laser Densitometer in the 70,000-85,000 dalton 
region. Control and prazosin (1 yM) lanes are shown in the insets of the figure. Densitometry tracings 
of each lane are presented and indicate the presence of two labeled peptides in whole cells (arrows), 
which were not labeled in the presence of prazosin. Only one band was observed in membrane 

preparations. 

Table 1. Inhibition of q-adrenergic receptor subunit photoaffinity labeling by [‘*‘I]CP65,526 in 
intact DDT, MF-2 cells 

Area under the curve 

Band 1 Band 2 

[‘**I]CP65,526 labeling 
(% control) 

Band 1 Band 2 

Control 1.59 2.10 100 100 
Prazosin (1 PM) 0.47 0.41 18 10 
Prazosin (0.01 PM) 0.89 0.74 44 26 

(-)Epinephrine (100 FM) 0.39 0.29 13 ( - ~Epinephrine (1 FM) 0.87 0.67 43 2: 
(+)Epinephrine (100 PM) 0.57 0.57 24 
(+)Epinephrine (1 PM) 1.27 1.62 68 

Each lane in Fig. 3 was analyzed using an LKB Scanning Laser Densitometer as described in 
Materials and Methods. Total binding is defined as the area under the curve (arbitrary units) for 
band 1 (79,ooO daltons) and band 2 (75,000 daltons) respectively, in the absence of competing 
ligand (control). Phentolamine (10 FM) was used to define non-specific incor~ration. 
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Fig. 3. Photoaffinity labeling of cY,-adrenergic receptors on intact DDT, MF-2 cells with [‘251]CP65,526. 
DDTl MF-2 cells (1 X lo6 cells/lane) were incubated with radioligand and either buffer (control), 
prazosin (0.01 and 1 PM), (-)epinephrine (1 and 100 PM) or (+)epinephrine (1 and 100 PM), photolyzed, 
and then analyzed by SDS-PAGE as described in Materials and Methods. The closed arrow indicates 
the presence of two specifically labeled bands at a molecular weight of 79,000 daltons and 75,000 daltons. 

Molecular weights of known protein standards, electrophoresed stimultaneously, are shown. 

specifically photolabeled. Only the 68,000 dalton peptide, 
however, was photoaffinity labeled in membranes prepared 
from collagenase-isolated myocytes. These authors specu- 
lated that proteolytic activity was responsible for the het- 
erogeneity of photoaffinity labeling observed in cardiac 
tissue. 

All of the preceding studies have been accomplished 
using membrane receptor preparations. To date there have 
been no studies in which photoaffinity labeling of the q- 
adrenergic receptor has been described using intact cells or 
whole tissues. The utility of receptor photolabeling in intact 
cells is 2-fold. First, proteolysis, which can produce multiple 
peptide species, should be less significant since cell dis- 
ruption occurs immediately prior to solubilization in SDS. 
Second, the entire receptor population should be more 
accurately represented when compared to membrane prep- 
arations where extensive isolation protocols are employed, 
potentially resulting in segregation of a particular subset of 
receptors. 

Using this approach, we have compared the photoaffinity 
labeling patterns of the q-adrenergic receptor in DDT, 
MF-2 smooth muscle cells and cell membranes. Our results 
suggest that the native cu,-adrenergic receptor in whole 
DDT, MF-2 cells may be composed of multiple subunits of 
similar molecular weight. The heterogeneity observed in 
the DDT, MF-2 whole cell labeling of the a,-adrenergic 

receptor reported here is not likely to be due to proteolysis 
since inclusion of protease inhibitors in the DNase cell 
lysing solution used to treat the smooth muscle cell does 
not alter the whole cell labeling pattern observed when 
compared to experiments performed without protease 
inhibitors. 

The difference in molecular weight between the receptor 
subunits may reflect different glycosylation states of the 
receptor [13] as has been demonstrated for the insulin 
receptor [14]. Alternatively, other forms of covalent modi- 
fication, such as phosphorylation, may be responsible. In 
particular, if phosphorylation of the receptor results in two 
species, then dephosphorylation of the protein during the 
membrane isolation steps could result in the differences 
observed between photolabeling studies of intact cells and 
cell membranes. Studies aimed at addressing these possi- 
bilities are currently in progress. 

Acknowledgements-We thank Dr. Hans-Jiirgen Hess, 
Medicinal Chemistry Research, Pfizer Inc., for valuable 
discussions and the gift of CP63,155, Dr. Charles Homey 
for reviewing the paper, and D. Rollins for typing the 
manuscript. The study was supported in part by NIH Grant 
NS-19583, American Heart Association (AHA) Grant 86- 
1197 with funds from the Massachusetts Affiliate, and a 
grant from the RJR Nabisco Co. D.G.S. is supported 



4032 Short communications 

by an AHA Fellowship (13-414856) and R.M.G. is an 
Established Investigator, AHA (82-240). 

Cellular and Molecular Research DAVID G. SAWWZ 

Laboratory LAUREEN M . SENA 

Cardiac Unit LAWRENCE E. CORNET-T* 

Massachusetts General Hospital ROBERT M. GRAHAM? 

Boston, MA 02114; and 
*Department of Physiology and 

Biophysics 
University of Arkansas 
Center for Medical Sciences 
Little Rock, AR 72205, U.S.A. 

REFERENCES (1982). 

1. C. J. Homey and R. M. Graham, Circulation Res. 56, 
635 (1985). 

10. U. K. Laemmli, Nature, Lond. 227, 680 (1970). 
11. P. J. Munson and D. Rodbard. Analvt. Biochem. 107. 

2. G. Kunos, W. H. Kan, R. Greguski and J. C. Venter, 
J. biol. Chem. 258, 326 (1983). 

3. L. M. F. Leeb-Lundberg, K. E. J. Dickinson, S. L. 

, , 
220 (1980). 

12. L. M. F. Leeb-Lundberg, S. Cotecchia, J. W. Lomas- 
ney, J. F. DeBarnardis, R. J. Lefkowitz and M. G. 
Caron. Proc. natn. Acad. Sci. U.S.A. 88.5651 (1985). 

13. D. G.’ Sawutz, S. M. Lanier, C. D. Warren: C. J. 
Homey and R. M. Graham, Fedn Proc. 46,2194 (1987). 

14. G. V. Ronnet, V. P. Knutson, R. A. Kohanski, T. L. 
Simpson and M. D. Lane, J. biol. Chem. 259, 4566 
(1984). 

t Address for reprints: Robert M. Graham, M.D., Cellu- 
lar and Molecular Research Laboratory, Cardiac Unit, 
Massachusetts General Hospital, 32 Fruit St., Boston. MA 
02114, U.S.A. 

Heald, J. E. S. Wikberg, P. 0. Hagen, J. F. DeBar- 
nardis, M. Win, D. L. Arendsen, R. J. Lefkowitz and 
M. G. Caron, J. biol. Chem. 259, 2579 (1984). 

4. C. E. Seidman, H-J. Hess, C. J. Homey and R. M. 
Graham, Hypertension 6(Suppl. I), 7 (1984). 

5. C. E. Seidman, H-J. Hess, C. J. Homey and R. M. 
Graham, Biochemistry 23, 3765 (1984). 

6. L. E. Comett and J. S. Norris, Molec. cell. Biochem. 
67, 47 (1985). 

7. J. W. Lomasney, L. M. F. Leeb-Lundberg, S. Cotec- 
chia. J. W. Reean. J. F. DeBarnardis. M. G. Caron 
and k. J. Lefkgwitz, J. biol. Chem. 26i, 7710 (1986). 

8. B. I. Terman and P. A. Insel, J. biol. Chem. 261,5603 
(1986). 

9. L. E. Cornett and J. S. Norris. J. biol. Chem. 257.694 


