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SUMMARY 

Cultured chick embryo cardiac myoblasts specifically bind [3H ]norepinephrine. 
The binding is rapid and reversible. Bound [3H ]norepinephrine, dissociated by 1 M 
HC1, can be rebound to fresh cells, t%Adrenergic catecholamines were most potent 
in displacing [3H]norepinephrine from the celluhtr binding sites. The binding re- 
action did not show stereospecificity. ~-Adrenergic amines were much less potent. 
Propranolol, but not phentolamine, competed for the sites. Approximately 2.5.10 ¢' 
specific binding sites are present per myocardial cell. The sites appear to be present 
predominantly at the cell surface in that norepinephrine linked to agarose beads 
competes lbr the sites. Similarly, the sites were degraded by either trypsin or trypsin 
bound to agarose. Two different binding constants, K = 2 . 1 0  ° and 1.105, were 
observed. Proteolytic enzymes decreased binding whereas certain phospholipases 
led to an increase in specific binding. Divalent cations at concentrat ions> 1 mM 
diminished binding as did chelating agents. 

I N T R O I )  I JCTION 

The actions of catecholamines on a variety of tissues, including the heart, 
appear to be mediated via binding to specific fl-adrenergic receptors and activation 
of the enzyme adenyl cyclase [1 ]. Recently, studies from this and other laboratories 
have described characteristics of binding of [3H ]norepin:phrine or [3H ]epinephrine 
to membrane fragments from heart [2-6], liver [7-9], erythrocytes [10,11], and 
splenic capsule [12] which have many of the properties to be expected of binding 
to physiologic adrenergic receptor binding sites. The in vitro binding was generally 
reversible and of high affinity. The affinity of catecholamines for the binding sites 
generally reflected their in vivo biologic effects or their capacity to activate the 
enzyme adenylate cyclase present in the same membrane fractions. 

In order to study binding of catecholamines to myocardial cells in a more 
intact form we have investigated the properties of the interaction of [3H]norepine- 
phrine with cultured chick embryo cardiac myoblasts [13]. The advantages of such 
a system are: (1) the cells used for binding studies are morphologically intact and 
can be quantitated easily; (2) the pharmacologic characteristics of catecholamine 



31 ,',; 

action on these cells (increased rate of bea t ing)have  been previously well characlcr i led 
and provide data For compar ison [14]: and (3t the cells are re:.lsonablx honlogeneous 
and Free of  syn~phathetic nerves and blood ,,esscls. 

M A T E R I A I . S  

( + )- [7-~H ]Norepinephrine,  10 15 ( ' i !mn/ole  was t'ron-i New England NucleaF 
Company .  (q_)-lsoproterenol bitartrale and ( -~- )- and ( - l - n o r e p i n e p h r i n e  bilarlralc 
were obtained from Sterling Winthrop.  ( - ) - E p i n e p h r i n e  bitartrate,  dopaminc  
hydrochloride (dihydroxyphenethylamine},  (±}-dihydroxyphenyla lanine ,  ~lnd all 
enzymes were from Sigma. Agarose trypsin, 73.8, mg/g dr 3 weight, was obtained 
from Worthington Biochemicals. (_--4-)-Propranoh+l ,x, as a gill fronl Ayerst:  phentol- 
amine was from Ciba. Norepinephr ine  was covalently linked it+ agarose xia :i 30-A 
side arm by previously published methods J4]. 

METHODS 

Chick embryo myoblasts  were isolated from pooled 12 13-day chick enlbryo 
hearts. After t r imming to remove conneclive tissue, the cells were minced and dis- 
sociated with trypsin by,' a modificalion [15] o f l h e  method of DeHaan  [16]. ( 'ells 
were grown in 150-ram petri dishes in F-12 mediu (Grand Island Biological ( ' ompan3)  
supplemented with 5°,> heal-inactivated l'el:.ll c;.tlf serum under 95~',, air and 5 <'. CO, .  
After three days of  growth, the cells were harvested by gentle scraping ,:.lnd suspended 
in 0.25 M sucrose containing 20 mM K phosphate  bufl'er, pH 7.4. Cells were 
washed once ~tnd finally suspended in 0.25 M sucrose phosphate  buffer. Photo- 
micrographs of  the cells are shown in Fig. 1. 

Binding was sludied by' incubatin~ [~H ]noreplnephrme' " : . t l  COllcenlr:.tliOllS of 
3-10 <' 5 '10  <'M with aliquols of myocardial  cells (5.10 > 7.5.105 cells/ml) for 
30 60min t i t  37 (' .  J S H ] N o r e p i n e p h r i n e h o u n d l o t h e c e l l s w a s q u a n l i l a t e d  by rapid 

Fig. I. Photomicrograph of chick embryo myohlasts used for hinding studio,,, l iar rcpi'e'~cnl', 
1 O0.  m .  
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Millipore filtration of each incubation mixture followed by a 20-ml buffer wash. 
The filters (Millipore Company, 0.45-btm pore size) were then dissolved in scintillation 
fluid [17] and counted in a Packard liquid scintillation spectrometer. Under these 
conditions, less than 0.510 of the filtered [3H ]norepinephrine was found on the Milli- 
pore filters when either no cells were included in the incubation or when an excess 
(10 -~* M) of unlabeled norepinephrine was included in the incubation to block 
binding of [3H ]norepinepfirine to specific sites on the cells. Such controls were per- 
formed in each experiment and were subtracted from each experimental value to 
determine the amount of [3H]norepinephrine specifically bound to the cells. In the 
absence of added drugs, the amount of [aH]norepinephrine specifically bound to 
the cells was generally 8-10 times the nonspecific binding. In figures and tables 
"'control binding" refers to the amount of [aH ]norepinephrine bound in the absence 
of added compounds or treatments. This wits generally in the runge of 2.2-2.8 
pmoles/mg protein. 

The surfitce area of the myocardial cells was estimated in the following manner. 
Cells were photographed against a 10000-/~m 2 grid with 400 magnification. Typical 
myocardial cells were then traced using a fine, uniform quality paper and the tracings 
cut out and weighed. The weights of the cutout traced cells were then compared with 
the weight of a similar cutout tracing of the  10000-/tm 2 grid. The surface area of tile 
myocardial cells was taken as a fraction of the weight of the cell tracings to that of 
the standard grid and multiplied by two. This procedure probably underestimates 
the true surt:a, ce area in that the cell is assumed to have only two sides. Partial re- 
foldings of the cell membrane which might increase the surface area are also ignored 
in these estimates. 

RESULTS 

Binding of [3H]norepinephrine to the myocardial cells wits directly propor- 
tional to the number of cells present (Fig. 2). As is shown in Fig. 3, equilibrium bin- 
ding was reached within 15 rain a! 37 C .  The process was reversible as indicated by 
the very rapid dissociation of bound [3H]norepinephrinewhen 10 4M labeled nor- 
epinephrine was added to the incubation {.Fig. 4). Approximately 75~'i, of the bound 
[3H ]norepinephrine was rapidly displaced, followed by very little further dissociation 
during the time period studied. One hundred percent of the bound [3H]norepine- 
phrme could be dissociated alter equilibrium binding by addition of I M HCI. Tile 
norepinephrine displaced by HCI could be rebound to fresh myocardial cells. There 
was no alteration in the binding properties of the dissociated norepinephrine as 
compared to native [3H ]norepinephrine. 

Fig. 5 shows the results obtained when increasing amounts of [3H]norepine- 
phrine were incubated with cells. The maximum amount bound wits 66000-1-8000 
dpm/ml of incubation mixture, which corresponds to 0.03/tCi [3H ]norepinephrine 
bound. Since tile specific activity of the [aH]norepinephrine was 13.7 Ci/mmole, 
0.03/¢Ci is equiwdent to 2.2-l0 -12 moles [3H ]norepinephrine bound or, multiplying 
by 6.023' 1023, 1.33" 1012 molecules bound. Since the average number of cells in these 
experiments was 543000 per ml incubation, approximately 2.5.106 molecules were 
bound per cell. If it can be assumed that one molecule combines with one binding 
site. then the number of awtilable binding sites per cell is 2.5" I0 ('. 
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Fig. 2. Relation of binding to cell density. Incubation conditions were as described undcr Methods. 
Each point is the mean of duplicate determinalions. 

Fig. 3. Time course of binding of [:~H]norepincphrine to cultLired myocardial cells. Each point 
represents mean + S.E. of  triplicate determinations. 
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Fig. 4. Time course of dissociation of ['aH] norephlephrine fi'om cultured myocardhll ceils. In- 
c u b a t i o n s w c r e c a r r i e d o u t a I 3 7  ( for 30min.  At this time, I0 i M unlabelednorepinephrincx~as 
added to the incubations (marked 0 time) and the amount  of [;~H]norepinephrinc hound ~\as 
determined serially. Each point is the mean + S.E. of three determinations. 

Eig. 5. Dependence of [all ]norepiner~hrine binding on concentrat ion oF [:~H ]norepinephrinc. I or 
each concentrat ion of [:~H]norepinephrine tested, [:~H]norepinephrine specifically bound lo the 
ceils was determined by millipore filtration as described under Methods. Conu'ol experiments \~ele 
performed in which each incubation was performed in the presence o f lO t M unlabeled norcpinc- 
phrine to block all the specifc binding sites. In the presence of the unlabeled norepinephrinc,  a 
small constant percent of the added cpm (approx. 0.57,, or less) was Ibund on the Millipore fihcrs. 
This value was subtracted from each experimental value to determine the amount  of [al l ]nor-  
epinephrine actually specifically bound tit each concentration. Each point is the mean + S.E. of fotir 
determinations. 
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Fig. 6 shows a Scatchard plot [18], the data for which were obtained by adding 
increasing amounts of  unlabeled norepinephrine to incubations containing a fixed 
amount of  [3H ]norepinephrine. Two distinct binding affinities are defined: a higher 
one corresponding t o a K o f 2 - 1 0  ~ 3.10 6 and a lower one with a K of about 1.10 ~. 
With different batches of  cells, the K of the high order sites varied from 2" 10 6 to 
6"10 ~, and the K of the low order site from 1.10 5 7.10 5 . The total number of  sites per 
cell obtained from the Scatchard plot was generally several fold (about 6 ) higher 
than that calculated by saturation experiments with [3H ]norepinephrine alone. 

Unlabeled catecholamines and structurally related drugs competed with [3H ]- 
norepinephrine for occupancy of  the sites. The specificity of  the binding site was 
delined by testing a variety of  drugs for their ability to compete for the [3H]nor- 
epinephrine binding sites./%Adrenergic agonists, such as isoproterenol, epinephrine 
and norepinephrine, were most active (Fig. 7) followed by dopamine and dihydroxy- 
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Fig. 6. Scalchard plot for binding of [:~H ]norepinephrine to cultured myocardial cells. Each point 
is the nlean of duplicates. 

Fig. 7. hlhibition of [:~H]norepinephrine binding to myocardial cells by /.Ladrenergic drugs. 
Labeled norepinepbrine and unlabeled drugs were added together and reactions started by addition 
of menibranes. Each point is the mean of four determinations: ;~, norepinephrine; .1, isopro- 
terenol ; @, dopanl inc,  A, epinephrine ; u ,  dihydroxyphenylalanine. 
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Fig. 8. Inhibition of [SH]norepinephrJne binding to myocardial cells by s~-adrenergic drugs and 
other conlpounds. Labeled norepinephrine and unlabeled drugs were added together and reactions 
started by addition of membranes. Each point is the mean of three determinations: , norepine- 
phrine; 0 ,  nletaranlino[; /L, phenylephrine; ~., ephedrine; u ,  vanillylmandelic acid, normetane- 
phrinc, atropine, mephentermine, methoxanline, glucagon. 
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phenylahul ine ,  a - A d r e n e r g i c  amines  and o the r  c o m p o u n d s  whose  b io logic  a c l i v i b  

is n o r m a l l y  due  to release o f  e n d o g e n o u s  c a l e c h o l a m i n e s  f rom ca techo l  s to rage  sites 

were much  less act ive  (Fig. 8). A n u m b e r  of  me tabo l i t e s  inc lud ing  wmi l l y lmande l i c  

acid and n o r m e t a n e p h r i n e ,  as well as the cho l ine rg ic  b lock ing  drug  a t rop ine ,  had no 

effect o n  b ind ing  at c o n c e n t r a t i o n s  up to 3. I 0  a M. 

T h e / - a d r e n e r g i c  an tagon i s t ,  p r o p r a n o l o l ,  caused a 4 0 " .  inh ib i t ion  of  [3H ]nor-  

ep ineph r ine  b ind ing  when present  at 10 4 M, whereas  lhe ~.-,:mtagonisl, phen to l -  

amine ,  had no effect. Binding o f c a t e c h o h u n i n e s  did not exhibi t  s te reospeci f ic i ty :  

thus,  as dep ic ted  in Fig. 9, the ( + )  and ( - )  i somers  o f  n o r e p i n e p h r i n e  c o m p e t e d  

equa l ly  well tbr b ind ing  sites. 
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Fig, 9. Inhibition o1" [:~H]norepinephrinc binding 1o myocardial cells by I : ) and ) isomers of 
norepinephrine. Labeled norepinephrine and unhibeled drugs were added together and reactions 
started by addition of membranes. Each point is the mean of four determinations : , ( - ) - n o r e p i n c -  
phrine, I ,  ( , )-norepinephrine. 
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Fig. 10. Inhibition of [:lH]norepmephrine binding to myocardial cells by various cnzymc~,, l-ml 
aliquots of cells were preincubated for 30 rain at 37 C with one of the enzynms at the indicated 
concentration. Controls were preincubated in a similar fashion whhout added enzymes. After the 
preincubation, [:~H]norepinephrine was added and the incubation continued for an additional 
60 rain. Each vahie represents the mean + S . F .  o f  f ou rde te rmhmt ion ' , .  
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The effects of preincubation of the cells with a wtrieiy of enzymes on subsequent 
binding of [3H]norepinephrine is shown in Fig. 10. Proteolytic enzymes, such as 
trypsin and pronase, inhibited binding. SulFhydryl reagents, such as p-chloromercuri- 
benzoate (PCMB), markedly inhibited binding. PCMB ~.tl 1 mM caused an 83". 

T A B L E  I 

E E F E ( ' T S  OF  I ) I V A L E N T  C A T I O N S  A N D  C H E L A T O R S  ON [ : ~ H ] N O R E P I N E P H R I N E  
B I N I ) I N G  

" ( ' o n t r o l ' "  binding was 2.5 _+ 0.2 pmoles  [:~H ]norep inephr inc  bound  per mg protein.  Each w.llue is 
the mean + S.E. of  four  determina t ions .  

Addi l ion ( o n c e n t r a t i o n  Percent 
(m M ) cont ro l  binding 

( 'a  ~ 0.01 86 + 4 
0.10 88 _+4 
1.00 36 ± 3 

10 .00  0 
Mg ~ 0.01 98 + 5 

0.10 93 ~ 4 
1.00 68 +- 4 

10.00 22 + 2 

EI)TA 0.1 48.3 + 4  
1.0 10.6 + 2 

E ( i T A  0.1 58.7 +- I 
1.0 23.2+ I 

AGAROSE- 
NOREPINEPHRINE 

'ii I' 
o 

c [0 -5 10-4M 

A I r AGAROSE-TRYPSIN 

c 74 740 zug 

Fig. II. inhibi t ion o f  [ :~H]norepinephrine binding to myocardia l  cells by (a) agarose  norepine-  
p h r i n e a n d ( b ) a g a r o s e  trypsin,  ln each case, the beads were extensively washed  prior  to use, then 
diluted to give the appropr ia te  norep incphr ine  or trypsin concent ra t ions .  [ : lH]Norepinephr ine  
and  agarosc  derivatives were added s imul t aneous ly  and  the reaction s tar ted by addi t ion  of  mem-  
branes.  The concen t ra t ions  in the figure refer to the concen t ra t ions  of  resin-l inked norep inephr ine  
or trypsin actually present  in the incubat ions .  A g a r o s e - n o r c p i n e p h r i n e  conta ined  approx ima te ly  
5 m M  norep ineph r ine ( se t t l ed  gel), the agarose  trypsin conta ined  73.8 mg trypsin per g dry gel. 
Each wtlue represents  the mean  +-S.E. o f l ' ou r  deternfinat ions.  
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inhibition of binding. Divalent cations also inhibited binding as did the chelating 
agents, EDTA or EGTA (Table I), suggesting that trace amounts of some diwtlenl 
cation(s) are necessary for the binding reaction. 

To test the hypothesis thal the binding sites under study were localized to the 
cell membrane, [-~H]norepinephrine binding was studied in the presence of nor- 
epinephrine covalenily linked to agarose which assures that only surlitce interactions 
can take place. The agarose-norepinephrine inhibited binding (Fig. I la) by compcti- 
lion with [SH ]norepinephrine for membrane sites. In a similar fashicm, trypsin bound 
cowllently to agarose beads also inhibited binding presumably because o1" its proteo- 
lytic activity at the cell surface (Fig. II b). These experiments suggest that the adrcn- 
ergic binding sites studied are located predominantly on the cell membrane. In control 
experiments, unsubstituted agarose did not inhibit binding. Stability of the agal'ose 
trypsin or agarose norepinephrine complexes was determined by. incubating the 
complexes with buft'er or cells and testing the supernalants for inhibition of binding 
after remowd of the agarose by filtration. The lack ol ' inhibition found indicated 
that no free norepinephrine or trypsin was released under the incub',ttion conditions. 

I)ISUUSSION 

The characteristics of binding of [SH]norepinephrine to cultured myocardial 
cells are strikingly simihtr to those previously reported for binding to subcellular 
membrane fragments from cardiac and other tissues [2 12].In particular, the follow- 
ing characteristics of the binding observed here have been reported previously l\~r 
binding of [3H]norepinephrine or [-~H]epinephrine to subcellular membrane frag- 
ments: (I) Reversible binding which does not alter the biologic activity of the bound 
amine [4]. (2) Two kinetic orders of sites with binding constants differing by about 
one order of magnitude [4, 9, 12]. (3) Similar specificity of binding with beta agonists 
most potent and :,.-active amines and metabolites inert [2 4, 10, I I]. (4) Inhibition 
of binding by propranolol but only al concentrations well above those known to 
cause blockade of/ l -adrenergic effects in other systems [2 5, 8 12]. (5) Lack of 
slereospecificity of binding [4, 8, 11 ]. (6) Inhibition of binding by proteolytic enzymes 
and sulfhydryl reagents [4, 9]. (7) Inhibition of binding by chelating agents suggesting 
the possible involvement of trace amounts of divalent cations in the binding process 
[4]. These may be involved in forming a bridge between the two ring-hydroxyl 
groups and some portion of the binding site [19]. 

In addition to demonstrating a striking similarity to the norepinephrine binding 
sites studied in subcellular particles, the current binding studies with intact 1115o- 
cardial cells provide several new pieces of  information. First, the studies wilh agarosc 
norepinephrine and agarose trypsin seem clearly to localize the binding sites sludied 
to the cell surface, i.e. the cell membrane. Of interest in this regard are two recent 
reports demonstrating the biologic activity of insolubilized catecholamine deriwttives. 
Venter et al. [20] reported that epinephrine covalently bound to glass beads was 
biologically active in increasing the rate of beating of isolated chick embryo myo- 
cardial cells (similar to those used in the current studies) as well as the whole hearl 
preparations. Blecher et al. [21] reported that agarose norepinephrine conjugates 
were active in causing lipolysis in intact liti cells. Of interest was our obserx, ation 
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(see Figs 6 and I1) that agarose norepinephrine was only about 10<!,, as active as 
native norepinephrine in inhibiting the binding of [-~H]norepinephrine. This is 
presumably due to steric factors which prevent full access of all tile immobilized nor- 
epinephrine molecules to tile cell surface. 

The biologic significance of the binding observed in these studies c~.tnnot be 
definitely stated at this time. Certain points, however, are clear. The binding is not 
related to neuronal uptake [22] or nerve storage xesicle uptake [23], as tl~ese compo- 
nents are not present in the cell cultures. These neuronal uptake processes have 
totally difl'erent specificilies as well. Similarly, this binding process is not the so-called 
uptake 2 process [22] which operates only at much higher norepinephrine concentra- 
tions and which also has a different specificity (normetanephrine, the most potent 
inhibitor) [22]. Similarly, the binding is clearly unrelated to the catecholamine- 
metabolizing enzymes since bound [3H ]norepinephrine can be dissociated and shown 
to retain biologic activity. Further, the specificities are ditt'erent. For e>'ample, 
calechol O-methyl transferase has equal affinity for all catechols and a Ks: several 
orders of magnitude higher than that demonstrated here [24]. Mono:mfine oxidase 
is clearly not invoh, ed sincecatechol compounds lacking an amino grot~p can bind. 

The data are quite consistent with pharmacologic studies performed with 
similar myocardial cells. Thus, Erlel et al. [14] found that catecholamines stimulated 
the rate of beating of chick embryo myocardial cells with specificity very similar to 
thai reported here. Norepinephrine gave half maximum stimulation tit a concentra- 
tion of about 40 ng/ml, identical to the concentration giving half maximum dis- 
placement of binding in our experiments. In addition, phenylephrine had chrono- 
tropic effects only when 50-100 times higher concentrations were used. This finding is 
also in close agreement with the present results. It h~.ts also been demonstrated by 
others that the rate of beating of intact early chick and rat embryonic hearts can be 
increased by /]-agonists [25]. Thus, the /]-receptors are known to be present very 
early in development. 

Two findings in the present study, although in agreement with results previously 
published for binding studies with subcellular membranes [4], are at variance, how- 
ever, with what might have been expected for binding of [3H]norepinephrine to 
physiologic beta adrenergic receptor sites. The first is the very high concentrations ot" 
the/#adrenergic blocking drug propranolol, which were needed to block binding, as 
compared to the very low concentrations of the drug which will block the chrono- 
tropic effects of catecholamines on these cells. 

A second unexpected feature is the lack of stereospecificity of the binding 
reaction. ( - ) - f o r m s  of calecholamines are generally 5 20 times more active than 
(+)-t\~rrns [26], although the actual ratio of potencies vary very widely from one 
species to another, and data on this point have not been published t\~r isolated myo- 
cardial cells grown in tissue culture. This finding is similar to the documented lack 
of stereospecificity previously found for binding of [~H]norepinephrine to myo- 
cardial membranes and [3H ]epinephrine to puritied liver plasma membranes as well 
as [3H]isoproterenol binding to erythrocyte membranes [4,8,11]. The significance 
of this finding is not clear at present. The catecholamines presumably interact with 
/~'-adrenergic receptor sites and adenyl cyclase in vivo at several different points of 
contact [27]. Likely sites are the ring hydroxyls, the t%carbon OH and the N terminus. 
It is possible that in these in vitro studies major contact is made at only' one or two of 



these potential contact points so th:tt stereospccilicily at tile i;-carbon is less ira- 
port,int. 

This interpret~ttion is simiktr to the suggestion oF Bilzekian and Aurbach [11] 
th:lt activ~tion oF :lden>l cyclase h\ /;-acti'~e c:~techolan~ine~, m: O' require binding ~t 
two distinct sites one speciiic for the c:ltechol nucleus, the other l%r the etham~l- 
amine portion of  the molecule. The binding reflected in these and similar studies 
would be primarily to the catechol specific site. Adrenergic blockers like propram~lol 
nlight interact at the ethani,~l~lmine siic 'dnd hence he relativel b ,.ve:lk inl-fibitors of  
this in ~itl'o binding. The finding of  Bilzekian ~lnd Aurbach theft ni,m-physiologic:tllx 
:retire catechol compounds  inhibit isowotcreni,~l-stinlulztted c.~cN~se in erythrocytes i~ 
COIlSI,)II:Hll with this suggestion [11]. 

An addit ional new l inding with this s\stem is the dal:l, permi t t ing calculLltions 
o1" the number o1" bindinB sites per coll. Whorl this ~as exper imeniu l ly  determined b'~ 
:tdding increasing alm~unts of [~H ]norepinephrine to cells, a ligure of ~lpproximatel? 
2.5' IO ~' sites per cell ~vus obtained. He,revel'. ~hen lot:tl binding sites per cell is 
calculated l'lOnl the intercept of the Scatchard plot (Fi~. 6). :l number  several fold 

higher is obtained. The exact si~nilicancc o1" this ctiscrcpancy is nol entirel 3 clear. 
The i lunlber el 'sites relleciod b\  the Sctitch~n'd plot repreb,olltS the total e l 'a l l  Mndin7 
silos of  botla Io~ Ztlld high i,)l'der. Peillaps the oXpelinlenls with [-~H ]ni,wepinepllrine 
reflect i i f lonict io i l  pr imar i l  3 with the high i,~l-clor sites. ,Another consideration is i l l : i t  
the intercept ton Il le Sc:ltohard phol ropreSOlllS Ctll cxi iapola.t ion f Ionl  Ihai port ion 
oF the cur\'o which is n/ob,t i l l : l ccur i l . l e  since the flercent bindin 7 is the lowest. On the 
other Ilzi, nd, the s:tiuizition cur\e ~,ith [SH ]norepinephrino should be most Ltccur:,ItO 
:it the higher concenir~llions of  [~H]norepinephrine since the ~ibsolute nunlbor o1" 
cpnl bound is highesl. Pronl Ilhotonlii:ri,~Tr:itlhs oP these ohick eill/-~lVi,) nlyi,)c:.t.rcti:tl 
cells, the siT0 of  a l vp ic l l  coil has been osliill~i,1od (see Methods). The surl':.tco :ll'e:.l of 
suc[1 ;.i cell is :.ipplOX.. 4,474 !~m -~. _.9.5.10 ~; sites c011 would then ci,)riospoild to :lppri,ix. 
560 sites i ,m -~ SLiI'['~ICO :/l'O~.l i f  ~dl the sites ~ele on file cell suil]ice. I f  \~e ;.ts~Ullle there 
;.il'C :ibout 3' 10 ~ Inusclc cells ~ [2<"4]. thcru" ~.Otlld then bO Lippl'OX. 7.25" It) I4 sitoh ~ 
<>l" cells or : lpprox. 1.2 nll lolo sites ~. 

It is oI" interest th:tl ihb, estim~lto o1 7.25.10 a4 sites g i~ ienlZil-kzi,13lv t_'li,)st_" Io 
~evor:tl oslimalos o1" ih0 nl_llll/)or o f  adronergic rocoplOlS :tclualh' present in ~,,;.tl'iOub, 
tissues. Thus ('lzi, rk estimated 10 I~- epinephrine receF~tors per g t>t" tissue [29], l_e~is 
Lind Mi l le r  found 1.7.1O 13 ~.ldrcilelgic i ' e cep [o r s  per g t)[" senlhlal vesicle Sllli,>/olh 
Inust:]o bv labeling with [~H ]phenoxybonzamino [2~]. Lind M:i; '  el Li,]. [30] l]~und 
I. I 5- 1012 sites,,mg protein in the ~iorls, i by t:ihelin 7 with :V,N- [-~H ]dimethyl-2-bri,~mo- 
2-1"~henylelllyl~inlino [30f In vie\v of" the nUll lhei i,',l" asSUml3iions invohed in those 
cL~lctil:ltions ~.111cl the markedly dil l"trent teohniques used. the :t~roeil lell l is s t r ik i i l  7. 

As with studies of  111eli1br~.illO I'r:.i~nlont$, two orders of  binding sites were Found 
with Lissocizltion COllSt:l, lliS difl '0ring by ~lhoul one o ldg l  i,i[" nl~_i,~llitude. Two i,)r i11oii2 
distinct i,~l'del's o1" binding silos Ilzi'<'e also been t])ulld l'or interat_'lii,m el" insulin [31 I 
;,tild t tdrenocort icotropin [32] with pl;,/s111:i ilqellqbltlnes lib, ~el l  zls for the bi l ld in 7 o1 
cholinergic lig:l, nds to cholinergic bindin? sites [33 ]. It is not presentl.\ cle:_tr \vhother 
both types o1" b,iles tire physiohogicall_v signil ic: int or whut the relation of  the two sites 
lo e:ich other in. 

The Ihlding th~tt the binding site is Li protein with crucial SH groups is s imi lar  
to thlctings in cardiLlc Lind l i~cr illClllbiLlnos [4.~]. The Lipp~.irenl iill_'ro:iso in bh~din 7 
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after exposure of the cells to phospholipase A is quite similar to tire enhanced binding 
of [1251]insulin by' fat cells after phosphooipase C o,- A digestion recently reported 

by Cuatrecasas [34]. Studies are currently in progress to determine if the properties 
of these newly exposed sites differ in any way from those normal ly  available. 

The observation that chelating agents have nrarked inhibitory effects on the 
binding is consistent with the suggestion of Belleau [19] that the two catechol ring 
OH groups may link to some component  of the receptor via formation of a bridge 
through a divalent cation. 

Tire ability of norepinephrine and trypsin cowtlently linked to agarose to 
interact with the sites strongly suggests that they are located on the outer surface of 
the cell. In view of current concepts which localize adenyl cyclase to cell membranes  
and the close relationship of / ] -adrenergic  receptors and adenyl cyclase, this seems 
entirely reasonable. It will be noted that the agarose norepinephrine was only about  
10",, as active as equimolar  amounts  of unaltered norepinephrine.  This is presumably 
due to the steric constraints  imposed by linkage of the N terminus of the molecule 
to the gel matrix [35]. 
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