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S,II t:', l l t21l l l l la  I We have pl"¢viously delnonstl"atcd that high-afl'iifity PGE receptors are pl'eSent Oll purified cardiac ." "" (SL) nlcnll~ran¢ 
f1"o111 boviae heart (Lt~paschuk el al. (198t~)Circ. Res. 65, 538-5451. In this study we detcrmilacd whc'ther PGI ,  receptors arc also 
present tm the cardiac SI. incml,l"ane. Due to the extl"elne hlbility of prostacycli11 (PG.I ,) under physiological conditions, the P ( ; I ,  
a11alogtic, Ilopl'oSt was substituted flu' PGI ,. atl-lh~prost specifically bound to two sites on lhc SL membrane; one of high affinity 
(K d = (I.3 nM, B,,,, x = t)7.0 l'lalol/nlg SL), and one of lower affinity (K d = 20.t~ nM, Bm,,x---- 158t.I fmol /mg SI.). Compctilitm 
studies dc111onst1"atcd thai the cotlcc1111"alions of PGEz and PGE I ncccssal"y to disphlce 5Wk, of the specific bindhlg of 21~ nM 
[aH]llopl"oSt on cardiac SL were 15-fold lower than the concclltrations of unlabellcd lloprost necessary to displacc 51)e~ of 
binding. In ,:ontrast, a 15-fold higher COllCClltration of unhlbelicd Iloprost was needed to displace 50% of specific binding of 2 
nM [al-I]PGE, compared to the ctmcentl"ations of PGE I or P G E ,  required to displace 50% of [aH]PGE., binding. In summary. 
our results indicate that a pl"ostacyclin receptor is present on the cardiac sarcolcmmal membrane,  and that PGI., compctcs for 
the same receptor site as P G E , .  

Introduction 

PGE,, prostacyclin (PGI~) and PGF,,,_ are the ma- 
jor prostaglandins produced by the myocyte [1]. We 
have previously identified and characterized a PGE, 
receptor on cardiac sarcolemmal (SL) mcmbranc [2-4]. 
The receptor is a I l l l l  kDa protein and cont:tins two 
high-affinity binding sites. 

In platelets it has been demonstrated that PGEz 
and prostacyclin share common receptor sites [5-9]. In 
these membranes, two binding sites for the P G E / P G i ,  
receptor(s) have been identified, one of high affinity 
and one of low affinity [7,8]. Studies on a purified 
human platelet PGE/PGiz  receptor have suggested 
that the two binding affinities reside on the same 
protein molecule [9]. Ashby [7] has recently suggested 
that the different prostaglandin binding affinities for 
membrane binding may be a result of coupling of the 
prostaglandin receptor to both inhibitory and stimula- 
tory G proteins. 

Abbreviati'.ms: SL sarcolemma; PMSF, phenylmethylsulflmyl fluo- 
ride; PG, prostaglandin. 

Correspondence: P.M. Olley, Department of Pediatrics, The Univer- 
sity of Alberta, 2C3 Walter Mackenzie ltealth Sciences Center, 
Edmonton, Alberta, Canada T6G 2R7. 

Although we have demonstrated that PGE, binds to 
the cardiac SL PGE, receptor with both a high and 
low affinity, it has not been determined if a specific 
prostacyclin binding site is present on the cardiac SI_, 
membrane. It has also not been determined if PGi, 
competes with PGE 2 for binding to the cardiac PGE 2 
receptor. We therefore determined whether [~H] 
lloprost (the stable analogue of prostacyclin) specifi- 
cally binds to cardiac SL and whether PGE: and 
lloprost share the same binding site. Our results 
demonstrate that [3H]lloprost does specifically bind to 
cardiac SL membrane, and that both PGE 2 and prosta- 
cyclin share common receptor sites on mese mem- 
branes. 

Experimental procedures 

Polymethylsulphonyl fluoride (PMSF), benzamidine, 
Hepes, PGE 2, PGE I, PGD a, 6..kete-PGFi, and PGF2, 
were purchased from Sigma. [56,8,11,12,14,15(n)- 
~H]PGE: Was obtained from New England Nuclear. 
lloprost and [3H]lloprost were purchased from Scher- 
ing (Germany). All other chemicals were o~ the highest 
commercial grade. 

Purified cardiac SL vesicles were isolated from the 
left ventricle of fresh adult btwine hearts by a sucrose 
flotation method previously described [2,4]. This was 
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modified slightly by the addition to all buffers used in 
the prepmafion of the SL vesicles of the proteolytic 
enzyme inhibitors PMSF and benzamidine, both at the 
concentration of 0.1 mM. Vesicles were suspended ut 
3-4 mg protein/ml in 11)(} mM NaCI, 20 mM Hepes 
(pH 7.4), aliquotcd, frozen in liquid nitrogen and stored 
at -80°C. Immediately before use frozen membrancs 
were quickly thawed at 37°C. Excess thawed membrane 
wits discarded. Protein concentration was determined 
by the method of Lowry et al. [10]. 

[-~H]PGE 2 displacement by PGE:,  PGE I, PGD,,  
6-keto.PGFi, ,, PGF2, , and iloprost wits performed as 
described previously [2]. [~H]lloprost displaccment by 
unlabellcd Iloprost, PGE:,  PGE t, PGD,,  6-kcto-PGl'l. , 
and PGI:,,, wits performed using the sdme procedure its 
described previously for [~H]PGE 2 [2]. 

Sattlration binding curves for [~H]iloprost were ob- 
tained rising the same procedure its previously de- 
scribed for [~lol]PGE2 [2.4]. Scatchard plot values were 
obtained using the Ligltnd program on an IBM per- 
sonal computer with the validity of the model deter- 
mined by both the 'runs test' (pass/fail P <  0.05) and 
the partial F-test with P=< 0.05 considered significant 
t i l l .  

Results and Discussion 

The cardiac SL membrane preparation used in these 
studies consists of 70% tightly sealed right-side-out 
vesicles, 15r~4, tightly scaled inside-out vesicles, and 
15c/~ , 'leaky' vesicles [2,4]. This was determined by 
measuring ahmlethacin (a non-selective ionophorc) 
sensitive adenylate cyclase activity. T h e r e f o r e ,  the nut- 
k~rity of extracellular receptor binding sites arc on the 
external surface of these vesicles. The SL vesicles pos- 
sess an electrogenic Na ' -Ca 2' exchanger, C a " ' /  
calmodulin-dependent ATPasc, ATP-dependent Ca"'  
uptake activity, its well its high levels of both 
[tH]nitrendipine and [~Hlquinuclinidyl binding, all in- 
dicating that the membranes isolated are of myocyte 
plasma membrane origin [2]. As well, this preparation 
was tested for endothelial membrane contamination, 
which was found to be less than 5% [2]. 

Fig, I shows that ['~H]lloprost specifically binds to 
cardiac SL membrane vesicles. Binding wits complete 
by 60 rain and was linearly proportional to SL mem- 
brane concentration (data not shown). Scatchard analy- 
sis of this binding (Fig. IB) shows that [~H]iloprost 
binds to two sites on the membrane, it high-affinity site 
with a K,t of 0.29 :t: 0.37 nM, and Bin, ,  ~ of 97.0 _+ 59.{} 
thlol bound/rag protein, and a lower affinity site with 
an average K,t of 20.6 + 5.0 mM and B,,,,,, of 1589 + 
294 fmol bound/rag protein. This compares with the 
values obtained previously with [3H]PGE2 using the 
same membrane preparation and kinetic analysis which 
gave a high-affinity site (K d = 0.018 nM. Bin,,, , = 77.1 

fmol bound/mg protein) and a low-affinity site (K d = 
1.9 nM, Bm,.x = 997.0 fmol bound/rag protein) [4]. 

In competition experiments, 20 nM [~H]lloprost is 
displaced by unlabelled lloprost concentrations in the 
range of 10 ̀ s to 11} ~' M. However, unlabelled PGE 2 
and PGE t were approx. 15-fold more effective than 
unlabelled lloprost in displacing 2(} nM [aH]lloprost 
from the cardiac SL membrane (Fig. 2). PGD 2, PGF2, , 
and 6-keto-PGFt, , were found to be ineffective in dis- 
placing [3H]lloprost; concentrations of more than 3.  
1() 7 M of these ligands were needed before displace- 
ment of [-~H]lloprost occurred (data not shown). 

in competition experiments involving 2 nM 
['~H]PGE2, concentrations of unlabe!!ed lloprost in the 
range of I(} 7 to I(} " M were neccs,,,,iT to displace 
['~H]PGE, I'rom the cardiac SL (Fig. 3). In these exper- 
iments, unlabelled PGE 2 alld PGE t were approx. 15- 
1'old more effective than unlabclled !!oprost in displac- 
ing [ ~ H]PG~::~, fi'om the cardiac SL nlenlbt'ane ( Fig. 3). 
Again, its with the [3H]lloprost experiments, PGD 2, 
PGF2, and 6-keto-PGFt, were ineffective in displacing 
['~H]PGE., from the membrane; concentrations higher 
than 2" 1 0  7 M of these ligands were needed before 
disp!accment of [ ~H]PGE2 occurred {data not shown). 

Our data suggest that lloprost and PGE,  bind to 
the slinle sites Oll cardiac SL. Evidcnce for this is 
provided by the I'ollowing observations; (a) PGE I and 
PGE,  will effectively displace [~H]iloprost from the 
membrane, at concentrations 15-fold lower then unla- 
belled Iloprost (Fig. 2), and (b) lloprost will also dis- 
place [~H]PGE 2, although 15-fold greater concentra- 
tions of unlabclled lloprost were required than the 
concentration of unlabelled PGE t or PGE 2. The rea- 
son that higher concentrations of iloprost are neces- 
sary probably reflects the observation that lloprost has 
an approx. 20-fold lower affinity for binding on cardiac 
SL then ' • uocs ['~H]PGE 2 (Fig. 1 and Refs. 2 and 4). 
Further evidence to support the concept of similar 
receptor sites for PGE., and PGI 2 will require the 
dew21opment of antagonists that bind to the PGE,  
and / o r  PG! 2 receptor site. 

The primary evidence for a single receptor site 
shared by PGI,  and PGE t originates from studies on 
platelet membranes [5-9]. Relatively few studies, how- 
ever• have determined whether these two ligands share 
similar receptor sites in other tissues. Garrity et al. [13] 
studied this potential interrelationship in liver mem- 
branes, and concluded that PGE t and PGI 2 interact at 
distinct receptors. Even studies performed on platelet 
membranes are ~,,~t in complete agreement that a com- 
mon receptor site exists. Dutta-Roy and Sinha [9] have 
purified a protein from human blood platelets which 
binds [3H]PGEt at both a high and low-affinity site. 
Unlabelled PGI,  was shown to effectively compete 
with [3H]PGE~ for binding to the receptor protein. 
However, a recent study by Tsai et al. [12] which also 
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Fig. I. Specific binding ~)I" I alllllt)prosl Io cartti~c sarcolemmal vesicles, The I~ll]ll(,pmsl binding curves (A) arc the mcan~l:S.IL of four 
experiments performed in duplicate. (B) shows tile Ligand generated Scatchard ph)t ol tile specific binding curve, in all cases, LIGAND analysis 
determined that two sites were preferred over one site with P < 11.115. Open circles, total [alt]lh)prost botlnd; closed circles, specific 1 ~li]lh)prost 

hound. 

used the solubilized platelet prostacyclin receptor, 
showed that binding of [3H]lloprost occurred at a 
single high-affinity site. in addition, these authors sug- 
gested that this site is distinct from the PGE t binding 
site. The reasons for the differences between these 
studies has yet to be established. 

Although both cardiac SL and platelet membrane 
appear to contain a common PGE/PGI.,  receptor, a 
number ot" differences between these two n~embrane 
systems is cvidcnt. The affinity for PGE t or PGE2 

binding is considerably higher in cardiac SL than the 
affinity for PGE) binding to :')latelet membrane [2-9]  
Furthermore, althoug, h [3H]lloprost binds to cardiac 
SL with a lower affinity than ['~H]PGE 2, the binding 
affinity is still considerably higher than the binding 
affinity of [-~H]lloprost for the platelet receptor. The 
significance of these differences is unclear, but should 
be answered with further purification of the cardiac 
receptor. Aaothcr difference between the cardiac SL 
and platctct "cccptors is that hoth PGEI and PGI2 
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stimulate adenylyl cyclase activity equally in platelet 
membrane [9]. In contrast, in the cardiac SL membrane 
PGE2 attenuates adenylyl cyelase activity at low con- 
centrations [2,4], while prostacyclin has been shown to 
increase cAMP formation in myocytes [I 1]. The differ- 
ent binding affinities of PGE2 and prostacyclin/ 
lloprost may be due to coupling to inhibitory and 
stimulatory sites as has been proposed for platelets [7], 
The effects of lloprost on adenylyl cyclase activity in 
cardiat: SL membranes has yet to be investigated. 

in summary, we have identified a specific binding 
site fiw prostacyclin/llopro~t in bovine cardiac SL 
membrane which can be resolved into two sites (or 
state of one site); one of high affinity and low capacity, 
and one site of lower affinity and higher capacity. 
lloprost binding is effectively competed fiw by PGF~ 
and PGE t but not PGD,, 6-kcto.PGFt, , or PGF,,,. The 
use of highly purified nlembr~nes and stable pmstacy- 
olin analogues should be usefitl ia further characteriz- 
ing the direct effects of prostacyclin and other 
eieosanoids on the heart. 
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