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A prostaglandin E., (PGE~) receptor was solubilized and isolated from cardiac sarcolemma membranes. Its binding character- 
istics are almost identical to those of the membr,'mc bound receptor. ['~H]PGE~ binding to solubilized and membrane bound 
receptor was sensitive to elevated temperature and no binding was observed in the absence of NaCI. No significant effects of 
DTT, ATP, Mg" +, Ca: v or of changes in buffer pH were observed on [3H]PGE2 binding to either solubilized or n~embranc-bound 
receptor. Unlabelled PGE I displaced over 90% of [3H]PGE2 from the CHAPS-solubilized receptor. PGD 2, PGI~, PGF,,, and 
6-keto-PGFi, , were not effective in displacing [3H]PGE2 from the receptor. Scatchard analysis of [~HJPGE 2 binding to 
CHAPS-solubilized receptor revealed the presence of two types of PGE 2 binding sites with K o of 0.33 + 0.05 nM and 
3.00 + 0.27 nM and Bma x of 0.5 + 0.04 and 2.0 :]= 0.1 pmol/mg of protein. The functional PGE 2 receptor was isolatcd from 
CHAPS-solubilized SL membrane using two independent methods: first by a WGA-Sepharose chromatography and second by 
sucrose gradient density centrifugation. Receptor isolated by these two methods bound [~H]PGE 2. Unlabelled PGEt and PGE 2 
displaced ['~H]PGE, from the purified receptor. Scatchard analysis of [3H]PGE2 binding to purified receptor rcvealed the 
presence of the two binding sites as observed for the membrane bound and CHAPS-solubilizcd receptor. SDS-polyacrylamidc gel 
clectrophorcsis of the purified receptor frac;~ons revealed the presence of a protein band of M~ of approx. 100000. This 100-kDa 
we,' photolabelled with [~H]azido-PGE 2, a photoactive derivative of PGE:. Wc propose that this 100-kDa protein is a cardiac 
PGE 2 receptor. 

Introduction 

The prostaglandins (PG) of the E series induce a 
broad range of biological responses in variety of vari- 
ous tissues including heart [1-7]. We have recently 
demonstrated that bovine heart sarcolemmal (SL)vesi- 
cles contain high affinity binding sites for PGE 2 [5]. 
Two binding sites for PGE 2 were identified one with a 
Kd of 0.32 nM and a B,,,,,x of 0.4 pmol /mg of protein, 
and the second with a K d of 3.41 nM and a Bm~ x of 2.1 
pmol /mg of protein [5]. Depending on conditions, 

Correspondence to: P.M. Olley, Department of Pediatrics. LIniversity 
of Alberta, Edmonton, Alberta. Canada T6G 2R7. 
Abbreviations: SL, sarcolemma, PG, prostaglandin: EDTA, ethylene- 
diaminetetraacetic acid: H,.pes, N-(2-hydroxyethyl)piperazine-N'-2- 
ethanesulfonic acid: WGA, wheat germ agglutinin: GIcNAc, N- 
acetyI-D-glucosamine; SDS-PAGE, sodium dodecyl sulfak.-polyacryl- 
amide gel electrophoresis; EGTA, ethylene glycol bis(,8-aminoethyl 
ether).N,N,N ',N'-tetraacetic acid.:, CHAPS, 3-[(3.cholamidopropyl) 
dimethylammonio]-l-propanesulfonic acid: octyl glucoside, I-O-n- 
octyl/3-o-glucopyranoside; Tris, tris(hydro:~'metEyl)aminomethane. 

PGE 2 ? i ther  stimulates or inhi~its cAMP met ,bolism 
[1-9] which suggests that the PGE 2 receptor is ~ oupled 
to adenylate cyclase. PGE 2 binding to cardiac SL 
membrane markedly inhibits adenylate cyclase activity 
indicating that PGE 2 receptor in the heart is also 
coupled to adenylate cyclase [5]. In the adrenal medulla, 
however, PGE 2 neither activates nor inhibits adenylate 
cyclase [10], and therefore may not be coupled to 
adenylate cyclase. Until the PGE2 receptor can be 
isolated and its structure determined, the mechanism 
of the varied effects of PGE 2, attributed to specific 
receptor stimulation, will remain in question. 

Few attempts have been made to identify the 
prostaglandin receptor [9-14]. A putative PGE 2 recep- 
tor has been identified and partially purified from 
bovine adrenal medulla as a glycoprotein wi~.h M.. of 
approx, l l0000 as determined by either size-exclusion 
gel chromatography [13] or protein cross-linkiag exper- 
iments [10]. in contrast, a PGE 2 receptor isolated from 
canine renal medulla was reported to be a glycoprotein 
with a M r of 65000 [9]. PGE 2 binding proteins in rat 
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liver plasma membrane [11] and murine macrophage- 
like cells [14] were postulated to be proteins of M~ of 
105 000 and 95 000, respectively. The differences in M~ 
of these receptors may indicate either structural vari- 
ants or differences in tissues used in those studies. One 
limitation of previous attempts to isolate the receptor 
was that the receptor was functionally inactivated dur- 
ing purification. Further characterization of these re- 
ceptor proteins requires that the PGE 2 receptor be 
purified in a functionally intact state. 

We havc recently reported the synthesis of an azi- 
dophenaoyl ester of PGE, (azido-PGE2), which was 
used as a specific probe for the identification of the 
POE: receptor in cardiac SL [15]. Direct photolahel- 
ling of isolated cardiac SL with ['~H]azido-PGE., al. 
lowed us to identify a IlXI.kD.'i [:'H]azido-PGE., bind- 
ing polypeptide, which we proposed was a cardiac 
PGE., re:cptor [15]. Here, we report, the first direct 
solubilization and purification of a PGE, receptor 
from cardiac SL membranes. The [~HIPGE., binding 
characteristics of the solubilizcd receptor wcrc found 
to bc identical to those of the membrane-bound recep- 
tor [5]. The functional PGE, receptor was isolated 
from CHAPS.solubilizcd SL mcmbrane by two inde- 
pendent methods: WGA-Sepharose affinity chromatog- 
raphy or sucrose density gradicnt centrifugation. The 
isolated receptor is a lO0-kDa protein, which binds 
['aH]PGE., and can be photolabelled yvith ['aH]azido- 
PGE,. 

Experimental procedures 

Materials 
Hepes, histidine, 'i'ris, lectins, trypsin, soyabean 

trypsin inhibitor, Triton X-l(Mk CHAPS, WGA-Seph- 
arose and Gk:NAc wcrt: purchased from Sigma. 
[~H]PGE, (185 Ci /mmol)and Protosol were obtained 
from New England Nuclear. Octyl glucoside was ob- 
tained from Boehringer Mannheim. Sephadex G-50 
was from Pharmacia. PGF,,,  6-keto-PGF~,, and PGD., 
were from Cayman Chemicals, Ann Arbor, Mi. SDS- 
PAGE reagent and molecular weight markers were 
purchased from Bio-Rad. Fresh bovine hearts were 
obtained from a local slaughterhouse. 

Pwpamtion of membm,e r'esick, s 
SL membranes were isolated by sucrose flotation 

essentially according to the method of Ref. 16, in the 
presence of a mixture of proteinase inhibitors as de- 
,~ribcd by Ref. 15. isolated vesicles were suspended at 
a ,:oncentration of 3-5 mg/ml in 100 mM NaCI, and 
20 mM Hepes (pH 7,4), frozen in liquid N, and stored 
at -85°C. The SL vesicles were tightly sealed and 
possessed Ca:~/calmodulin-dependent ATPase activ- 
ity, electrogenic Na+/Ca ~÷ exchange activity and 
adenylate cyclase activity, as described earlier [15-17]. 

Before use, samples of frozen membrane were thawed 
at 37°C. Protein was determined by the method of 
either Lowry et al. [18] or Bradford [19]. 

Membrane solubilization 
SL vesicles (2 mg of protein/ml) were solubilizcd in 

a buffer containing 100 mM NaCi, 0.1 mM EGTA, 20 
mM Hepes (pH 7.4) and different amounts of either 
CHAPS, Triton X-100 or octyl glucoside. Two concen- 
trations (5 mg/mg of protein or 50 mg/mg of protein) 
of each detergent were tested (Table l). After incuba- 
tion at 4°C for 30 rain nonsoluble material was sepa- 
rated by centrifugation at 150000 × g for 45 min at 4°C 
in a Ti70.1 rotor using a Beckman L8-70 centrifuge. 
The clear supernatanl was removed and used as a 
source of solubilized PGE, receptor. 

Binding assays 
[~HIPGE~ binding to SL vesicles was carried out I'or 

60 min at 37°C in 20fJ pl of medium containing 30/.tg 
of SL protein, I(10 mM NaCI, 20 mM Hepes (pH 7.4) 
and 2 nM [~H]PGE.,. The reaction was terminated by 
filtration on to Whatman G F / C  filters, l'ollowed by 
three 5-ml washes with ice-cold buffer containing 100 
mM NaCI and 20 mM Hepes (pH 7.4). Filters were 
dried and counted using standard liquid scintillation 
techniques. [~H]PGE, binding to solubilized samples 
was slightly modified as follows. The binding assay 
medium (200 pl) contained 0.4-8(I v.g of protein de- 
pending on the enrichment, I mM DTT, 0.1 mM 
EGTA, I()(J mM NaCI, 5 mg CHAPS/ml and 20 mM 
Hepes (pH 7.4), and various concentrations of 
['~H]PGE,. The unbound PGE., was separated from 
the protein bound PGE, using one of two different 
methods: filtration (for nonsoluble residue or SL vesi- 
cles) or chromatography centrifugation (for solubilizcd 
and purified receptor)[20], in the filtration method 
160-p.I aliquots were filtrated thr,mgh Whatman G F / C  
filters and washed three times with 5 ml of cold wash- 
ing buffer containing l(10 mM NaCI and 20 mM Hepes 
(pH 7.4). The counts retained in the filters were deter- 
mined using standard liquid scintillation counting tech- 
niques, in the chmmatography-centrifugatkm proce- 
dure, 100 p.I of sample was loaded onto a l ml packed 
Sephadex G-50 column equilibrated in binding buffer 
and centrifuged for 2 min at 2000 × g. Aliquots of the 
column effluent were assayed fi~r both radioactivity 
and protein concentration. Specific binding of PGE, 
was defined as the difference between total binding 
(with [~H]PGE: alone) and nonspecific binding (with 
[3H]PGE, and l v.M unlabeled PGE,). Results are 
the average of duplicate or triplicate samples differing 
by less than 8'%. 

Scatchard analysis was carried out using the LIG- 
AND program [21]. Preferance for one or two binding 
sites was determined both by the 'Runs' test (pass/fail) 



and the partial F-test, with P < 0.05 considered signifi- 
cant. Student's t-test was used to determine the differ- 
ence between paired groups, with P_<. 0.05 considered 
significant. 

WGA affini~, chromatography 
[aH]PGE,-iabelled SL membrane proteins were 

solubilized with CHAPS as described above and MgCI 2 
and NaCi, final concentrations of 2 mM and 50(I mM, 
respectively, were added to the solubilized membranes. 
The CHAPS-solubilized membrane was then loaded 
onto a WGA-Sepharose column as described by Micha- 
laket  al. [22]. The column was first washed with 40 ml 
of 20 mM Hepes (pH 7.4) buffer containing 500 mM 
NaCI, 0.1 mM EGTA, 2 mM MgCI.,, and 0.05 mg 
CHAPS/ml, followed by 40 ml of 20 mM Hepes (oH 
7.4) buffer containing 1(10 mM NaCI, 0.l mM EGTA, 2 
mM MgCI.,, and 0.05 nlg CHAPS/ml. The final 3 ml 
of wash was lound never to contain more than back- 
ground absorbance tit 280 nm. Bound PGE., receptor 
was eluted with 10 ml ol" ().()2t;, ~, SDS in 20 mM Hepes 
(pH 7.4) buffer containing 100 mM NaCI, 0.1 mM 
EGTA, 2 mM MgCI z, and 0.05 mg CHAPS/ml.  Ap- 
prox. 90% of the bound counts elutcd in the first 2 ml. 
Glycoproteins remaining in the column were eluted 
using 10 ml of 20 mM Hepes (pH 7.4) buffer containing 
200 mM GIcNAc, 100 mM NaCI, 0.1 mM EGTA, 2 
mM MgCI.,, and 0.05 mg CHAPS/nil. in control ex- 
periments free [3H]PGE., was chromatographed on 
WGA-Sepharose column with no binding of [3H]PGE., 
to the WGA-Sepharose column being observed (data 
not shown). 

Fractions eluted from the WGA-Sepharose column 
(approx. 500 /.tl) were assayed by liquid scintillation 
counting, 281) nm absorhance determination, and 
SDS-PAGE [23]. Alternatively, unlabelled., CHAPS- 
solubilized SL proteins were applied to WGA-Seph- 
arose and the PGE, receptor fractionated as described 
above. The I).112% SDS fraction containing PGE, re- 
ceptor was concentrated down to 500/.tl using Aminco 
Ultrafiltration Cell Model 82(10, and assayed for both 
protein by the Bradford method [19] and [3H]PGE., 
binding by the chromatography-centrifugation method. 

Sucrose densiO' gradient centrifitgation 
[3H]PGEz-labelled SL membrane proteins were sol- 

ubilized with CHAPS as described above loaded onto :~, 
7.5%-37.5% linear sucrose gradient in a buffer con- 
taining 10CI mM NaCl, 0.1 mM EGTA, 20 mM Hepes 
(pH 7.4) and 0.05 mg CHAPS/ml. Sucrose gradients 
were formed by repeated (three times) freezing (at 
-80°C) and thawing (at room temperature) of 30% 
(w/v) solution of sucrose. Gradients were then cen- 
trifuged for 18 h at 100000 × g in a Beckman SW 50.1 
rotor and 300 /.tl fractions were collected using a 
Beckman Fraction Recovery System. Obtained frac- 
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tions were analyzed for protein composition on SDS- 
PAGE, for radioactivity and for protein concentration. 
The fractions containing PGE 2 receptor were pooled, 
concentrated down using Aminco Ultrafiltration Cell 
Model 8200, and assayed for [~H]PGE~ binding by the 
chromatography-centrifugation method. 

SDS-polyacrylamide gel electrophoresis 
SDS-PAGE was performed on 10% SDS-PAGE in a 

discontinuous buffer system of Laemmli [23] employing 
a mini-slab gel electrophoresis apparatus (gel size, 1.5 
mm thickness, 65 mm length). Prior to electrophoresis 
samples were solubilized in 2% SDS, 10% glycerol, and 
50 mM Tris-HC! (pH 6.8), in the presence of either 5% 
2-mercaptoethanoi (reducing conditions) or 2 mM 
NEM (nonreducing conditions). Following electropho- 
resis, gels were stained with either Coomassie blue or 
silver. Molecular weight standards were: myosin, 
211001}1); B-galactosidas,:, 116300; phosphorylase b, 
97400; bovine serum ali'mnlin, 660110; and ovall'~umin, 
42 01)1). 

Photolabelling of PGE: receptor with I~H]azido-PGE2 
[3H]Azido-PGE_, was synthesized asdescribcd ear- 

lier [15]. For photolysis, the WGA-puriticd receptor 
was incubated with [~H]azido-PGE 2 [15] in a buffer 
containing 100 mM NaCI, 0.1 mM EGTA, and 21) mM 
Hepes (pH 7.4 at 37°C) for 6ll min. The binding reac- 
tion was carried out in the dark to prevent any unde- 
sired reactions from laboratory light when azido-PGE_, 
was used. All photolysis experiments were done in an 
RPR 21)8 preparative reactor (Rayonet, The Southern 
New England Ultraviolet, Middletown, CT) equipped 
with RPR 3500-,a, lamps. With the reactor at 4°C (cold 
room), the air temperature surrounding the sample was 
maintained at 4°C |6' an ek ctric fan. SDS-PAGE was 
performed using 5-15% acrylamide gradient gels ac- 
cording to the procedure of Laemmli [23]. Gels were 
stained with Coomassie blue, and destained in a solu- 
tion of 10% acetic acid and 5% methanol. [~H]Azido- 
PGE, incorporation was detected by liquid scintilla- 
tion counting of gel slices. Gel slices (2 mm) ~,c~re 
incubated overnight at 37°C in 1).2 ml of Protosol 
before liquid scintillation fluid was added. 

Analysis of iectin binding 
For lectin binding analysis, proteins from SDS- 

PAGE were transferred electrophoreticaily onto nitro- 
cellulose membrane according to the method of Tow- 
bin et al. [24] and incubated with appropriate peroxi- 
dase conjugated lectins (1 #g /ml )  [22]. 

Results 

Sohtbilization of the PGE, receptor 
We tested three different detergents for their capac- 

it~ m solubilize the PGE.,. receptor from cardiac SL 
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vesicles. The optimal CHAPS concentration which sol- 
ubilized a functional PGE 2 receptor was approx. 8 mM 
or 5 rag/rag of protein. A single extraction of the SL 
membranes with 5 mg CHAPS/mG of protein solubi- 
lized 70-80~ of the total proteins (range of 18 experi- 
ments) with recovery of over 90% of the total [3H]PGE_, 
binding sites (Table I). 

Triton X-100 and octyl glucoside (5 mg/mg of pro- 
tein) solubilized 50-60% of the total SL membrane 
proteins but ['~H]PGE2 binding to the supernatant 
component was impaired (Table 1). Membrane solubi- 
lization with increasing amounts of any one of the 
three detergents tested led to further loss of ['~H]PGE., 
binding activity (Table i). Increasing the ionic strength 
of the solubilization buffer had no effect on the effi- 
ciem.~, of solubilization of the receptor (data not 
shown). All subsequent experiments presented in this 
paper were performed using 5 mg CHAPS per mg of 
protein (8 mM CHAPS). 

Bimling characteristics of sob+blitzed rt'ceptor 
Total ['~H]PGE: binding capacity of the CHAPS- 

solubilized receptor was slightly increased and nonspe- 
cific binding reduced compared to membrane bound 
receptor (Table ll). [~H]PGE, binding was sensitive to 
trypsin digestion of intact and solubilized SL mem- 
branes (Table II) indicating that [3H]PGE, was bind- 
ing to a membrane protein. Ligand binding to solubi- 
lized and membrane bound receptor was also sensitive 

TABLE I 

Soh+bilicut, on of" I~;E : rCCCl)tor lhml car<fiac SI. mcmtu'am, 

SI+ vesicles were sol:",ili/cd with al~i)rol)riatc detergent, centrifuged 
and the supernatant (,-J) and pellets (I)1 were assayed for [Lil]PGE. 
binding activity and protein content as described under Experimental 
prt~:edurt:s, 

Protein [ t i l IPGE ,  Recoveo' 
(rag) bound (~';) 

(pmol 
[~l,I]l'(jl-:; ) 

A. Intact Sl vesicles 1.00 

B S~duhilited SI vesicles 
I. ('hap.,+ 

(5 mg/mgpmtein)  P 0.1~ 
S l|.~ll 

l.qlmg/mgpr.,+,teinI P 11.I11 
S I|.8lI 

2, Triton X-IIMI 
<5 mg/mgprotein) P 0,46 

S (I,511 
1511mg/mgprotein) P 0,30 

S 0,h0 
3, Oct vl glucuside 

(5 mg/mgprotein) P 0.35 
S 0,60 

(5t1 mg/mgprotein) P 0.30 
S 0.65 

I, I(| lifo 

0.(t25 2.2 

(I,(HI5 0.45 
(I,8~) 811:~ 

(I,(}18 I.~ 

0,(X~ (l.8 
0,39 35.4 

0, ! ! 10.0 
0.78 70.9 
0.03 2.7 
0,40 30,3 

TABLE II 

Effects of incubation conditions on [+H]PGE 2 hireling to nwmbmne- 
bound and CHAPS-soh+bili,:ed PGE, receptor 

[aH]PGE 2 binding to SL vesicles and CHAPS-solubilized membrane 
15 mg CHAPS/rag of protein) was carried out as described under 
Experimental procedures. Values are the means + S.E, The numbers 
in parentheses denote the number of preparations analyzed. 

Additions Specific binding (pmol ['~H]PGE.,/mg protein) 

SL vesicles CHAPS-solubilized 
receptor 

None " ! .00±0.20 (10) 1.20±(I.15 (8) 
Non NaCI ~' 11.2(I ± (1,115 (4) 0.15 ± 11.115 (4) 
550(. ̀ 0,0 (5) II,(I (5) 
Trypsin" 0.15 ± (I.I)5 (3) 1),0 (3) 
D T I " ( I  raM) 1.15±0.20 (4) !.2(l±(l.3(| (4) 
ATP(5 raM) 1.2(I±11.20 (3) 1,35±0.20 (3) 
MgC,l, 1.10±0.2ql (4) 1.30 ~-11,15 (4) 
Ca(' l ,  1.1(l±(I.20 (4) 1.3ll~ll.15 (4) 

" Standard binding conditions were used, i.e. 1(10 mM Na('l, 20 mM 
I lepes, pll 7,4, 37°C. 

o, 250 mM sucrose substituted for NaCI. 
" SL vesicles or C'llAPS-solubilized SL proteins were digested with I 

mg of trypsin/rag protein fi)r 30 rain at 37%'. The reaction was 
terminated by addition of 10-fi)ld excess of soyabean trypsin in- 
hibitor, follower| by [ "~! I]PGE., binding as described under Experi- 
mental procedures. 

to clcvatcd temperature and no binding was observcd 
in the absence of NaCI (Table !!). In addition no 
significant effects of DTT, ATP, MG 2+, Ca ~+ and 
changes in pH of buffcr on [~H]PGE., binding to either 
CHAPS-solubilized or membrane bound rcceptor was 
seen (Table I!). 

The specificity of PGE, binding to the CHAPS- 
solubilized SL proteins was also determined by compe- 
tition studies with unlabelled PGE, and PGE I. As 
shown in Fig. 1, at high concentrations unlabelled 
PGE t and PGE: displaced greater than 90% of the 
label, lJnlabe!led. POE, displaced [-~H]PGE 2 at con- 
con(rations similar to those for unlabelled PGE,. Un- 
labellea PGD,, PG! 2, PGF~, and 6-keto-PGF~,, were 
unable to displace [~H]PGE 2 from the CHAPS-solubi- 
lized receptor (data not shown). These results suggest 
that PGE~ and PGE2 might be binding to the same 
receptor molecule and further confirmed our earlier 
observations that both PGE~ and PGE, compete for 
['~H]PGE 2 binding to intact cardiac SL vesicles [5]. 

SL vesicles have two types of PGE 2 binding sites 
(K d = 0.3 nM and K d = 3.4 nM) [5]. Scatchard analysis 
of PGE, binding to CHAPS-solubilized receptor re- 
vealed the presence of two types of PGE 2 binding sites 
with a K d of 0.33 + 0.05 nM and 3.00 +_ 0.27 nM (mean 
+ S.E., n = 5) and a Bm, x of 0.50 + 0.04 and 2.00 + 0.10 
pmoles PGEjmG of protein (mean + S.E., n = 5), re- 
spectively. Bma x and K d values for both binding sites 
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Fig. I. Competition of the [~II]PGE, binding to solul~ilizcd cardiac 
SL by unlabcllcd PGI2 i and PGE.,. SL vesicles were first solubilizcd 
with 5 mg ( ' I IAPS/mg of protein and [alI]PGE, binding to the 
('llAPS.solubilized nlembrane proteins was perfl)rllletl as described 
under Experinlcntal procedures. ('loscd circles, competition of bind- 
iilg by uillallelled PGEI; open circles, conlpctition of I~imling by 
P(IE:,  Vahie of IIII}<'; represents Ioliil biilding hi the solubilized SL 

prolehls lit -i IIM I~1 l IP( lE, .  

in intact SL vesicles [5] and CHAPS-solubilized recep- 
tor (this study) are comparable. 

l~trification of PGE 2 receptor by WGA-Sepharose affin- 
ity chromatography 

CHAPS-solubilized, [3H]PGE2-1abelled SL proteins 
were fractionated on a WGA-Sepharose column. A 
representative chromatographic profile is shown in Fig. 
2. More than 90% of the applied [all] radioactivity 
appeared in the column 'run-through' or in the initial 
washes and, hence failed to absorb to the WGA-Sep- 
harose. About 10% of the applied radioactivi:y ab- 
sorbed to the WGA-Sepharosc colunm, and was elutcd 
with 0.02% SDS in I00 mM NaCI, 0.1 mM EGTA, 2 
mM MgCI 2, 0.05 mg CHAPS/ml, 20 mM Hepes (pH 
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Fig. 2. WGA-Sepharose chromatography ol P(JE, recepior. SL 
vesicles were solubilized with CItAPS, centrifuged and CItAPS- 
sohmbilized fraction was labelled will) I~Ii]PGE, and separated on 
WGA-Scphanise according of the procedure described under Exper- 
imenlal procedures. W(;A-Sel)harose column was subseqtlulllly 
washed with difl'eren! buffers as described under Experimcnlal pro- 
cedures; a, high salt buffer (51111 mM N.'I('I, 11.1 mM E(I'I'A, 2 mM 
Mg('12, 11.{15 mg C | IAPS/ml ,  2(I mM I lepes, pll  7.4); b, low.salt 
buffer 11110 mM NaCI, 11.1 mM E(;TA, 2 mM Mg('l: ,  11.115 trig 
CIIAPS/nd,  211 mM Ilepcs, pll  7.4): c. Iow-,,alt buffer Il l)l)mM 
Na('l, (I.I mM EGTA, 2 mM MgCI,. 0.115 mg CIIAPS/ml,  2ll mM 
Ilepcs, ptt 7.4) contaiiling 11.02r;~ Si)S; and d, low-sail buffer (IIX) 
mM NaCI, 1).! mM EGTA, 2 mM MgCI,, i).1)5 mg CHAPS/ml,  21) 
mM Hepes, pit  7.4) containing 2IX) mM GIcNAc. Absorbance at 280 
nm wax monitored ', • ). Aliquots (50 ~1) of the 2511 #1 fractions were 

assayed flit radioactivity by liquid scintillation counting ( ® ). 

7.4) (Fig. 2). Eiution of label was accompanied by 
elution of > 0.5% of the total SL protein. Fhe remain- 
ing protein (approx. I%) could then be eluted with the 
specific sugar GIcNAc (Fig. 2). No additional radioac- 
tivity was eluted under these conditions. The specificity 
of PGE: receptor absorption to the WGA-Scpharose 
column was tested by repeating the chromatography 
experiments in the presence of GicNAc. Under these 
conditions binding of PGE 2 receptor to WGA-Seph- 
arose was not observed (data not shown). Free 

0.22 S .., 2O 

I 1 

I 0.12 

0.02 - - • - - , • , , , 0 
0 5 10 15 20 25 30 35 

Bottom Frac~on number Top 

Fig. 3. Purification of the PGE 2 receptor by sucrose density gradient centrifugat;on. SL vesicles were solubilized wilh CHAPS. centrifuged and 
CHAPS-solubilized fraction was labelled with [-~H]PGE 2 and separated on a 7.5%-37.5% linear sucrose gradient as described under 
Experimental procedures. Absorbance at 280 nm was monitored (solid line). Aliquols (50 /.LI) of the 31X) #1 fractions were assayed for 

r~dioaclivity by liquid scintillation counting (broken lil, :). 
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Fig, 4, SDS-PAGE of the purified PGE, receptor WGA-affinity 
chromatography purified PGE 2 receptor (A) and sucrose d~nsity 
gradient purified receptor (B) were separated on an SDS-PAGE and 
stained with Ctmmassie blue as described under Experimental proce- 

dures. The arrow head depicts the positions of  the P G E :  receptor, 

['~H]PGE 2 also did not bind to WGA-Sepharose col- 
umn (data not shown), in addition, once the isohited 
receptor fraction was eluted it did not rebind to 
WGA-Sepharose either bel'orc or after ehttion of 
membrane glycoproteins with specific sugar GIcNAc 
(data not shown). 

Purification of PGE 2 receptor by sucrose density gradi- 
ent centrifugation 

During the course of this stuc~y we have developed 
an alternative method for the p~Jrification of cardiac 
PGE 2 receptor. The receptor was p,-rified using a 
simple one-step procedure based on molecular size 
separation (Fig. 3). On centrifugation through a linear 
sucrose gradient, a single PCE., receptor peak was 
observed in the upper half of the gradient (Fi~;. 3, 
broken line; fraction No. 22). All radioactivity in the 
top fractions of the gradient was found to be unbound 
['~ H]PGE.,. 

Characterization o,l" the isolated receptor 
SDS-PAGE of the PGE, receptor purified by either 

WGA-Sepharose or sucrose gradient centrifugation re- 
vealed the presence o1' one protein band of M.. of' 
approx, l()0(}(l() (Fig. 4A and B). The 10()-kDa PGE, 
binding protein did not change its mobility on SDS- 
PAGE under either reducing or nonredt}cing condi- 
tions (data not shown). Since the isolated PGE., rcccp- 
tot tailed to rebind to WGA-Sepharose and did not 
stain with pcmxidase labelled WGA or concanavalin A 
(data not shown)wc conclude that it is not glyco- 
sylatcd. However, it cannot bc excluded that the pro- 
tein is glycosylated but not able to bind WGA or 
concanavalin A. 

Fig. 5 shows the [~H]azido-PGE.,-iabelling profile 
obtained for the purified PGE, receptor following 
photolysis in the presence of [~H]azido-PGE.,. A major 
peak c~f [~H]azido-PGE_, incorporation was observed 
into a I()()-kDa protein band. When aliquots ot' the 
same mcml~rancs wcrc photolysed in the presence of 
unlabellcd PGE, (1() ~ M) or azido-PGE, (1() ~ M) 
the amount of covalcntly bound [ ~H]azido-I;GE, in the 
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Fi~. ,~, Ph~l~l,tbdling uf tile purified PGE, rec~.p{u[ WGA-S,:pharose purified receptor was photolabelled with [~! l]azido-PGE, as described as 
dcncribcd b.~ Michalak cl al. [22], and separated on SDS-PAGE. Following_ staining and destaining, gel lanes were sliced in 2 mm sections and 
['lll,lzido-PGE, incorporation was measured by liquid ,scintillation counting. Arrows depict the location of molecular weight standards anti 

tracking dye (TD). Numbers represent M, × 10 ~ 



TABLE i l i  

I'~H]PGE., bhulmg to puri]h'd r,'t'Clm,r 

PGE 2 receptor was purified from ('ilAPS-.solubilizcd SI ,nembranc 
(5 mg CHAPS/rag of protein) either by W(iA-affinity chmnlalt~gra- 
phy or by sucrose density gradient centrifugation ;z~, de.~t ribed under 
Experimental procedures, l all]P(;i-: binding ~a.,, pcrli~mcd as de- 
scribed under Experimental procedure.', in Ihe absence or presence 
of 1 pM PGE I or PGE~. 

Specific binding 
(nm.I [ ~II IP(iF.,  / 
mg protein ) 

WGA-Scpharosc I~urified receptor I}. I~A 
In the presence of I pM PC;E: 1|.111 
in the presence of I #M PGE n 11.(11 

Sucrose gradient purified receptor h3lLIIl] 
In the presence of I /.tM P(;E, 151).1111 
In the presence ot'l p.M P(;I-, 2211.1111 

IO0-kDa purified receptor protein was decreased by 
approximately 81 ) Cr~ q i Ul the presence of PGE: (1() 3 M) 
or azido-PGE, (10-.a MXdata not shown). 

Table !!1 shows PGE, binding to the isolated PGE, 
receptor. Specific binding of [3H]PGE: to the WGA- 
Sepharose purified receptor was 190+ 15 pmoi/mg 
proteins (mean + S.E., n = 4). This corresponds to ap- 
prox. 200-fold purification of PGE: receptor by this 
proccdure and yielded about 30-40 rig/rag of SL pro. 
tein of isolated receptor. Silver stained SDS-PAGE 
revealed the presence of only one protein band in the 
purified receptor preparation suggesting that the rela- 
tively low PGE 2 binding to this receptor might be duc 
tt, the denaturating of this molecule during purification 
and elution from the WGA-Sepharose with a low con- 
centration of SDS. Sucrose gradient purified receptor, 
however, bound 630.00 nmol of PGE.,/mg of proteina. 
This procedure leads to the isolation ot relatively ac- 
tive receptor, as compared to the WGA-Sepharose 
method, and corresponded to 630(l-fold purification. 
Scatchard analysis of PGE., binding to purified recep- 
tor revealed the presence of two types of PGE, bind- 
ing sites with a K d of 0.49 nM and 5.411 nM. These 
values are comparable to those found in in intact SL 
vesicles [5] and CHAPS-solubilized receptor (this 
study). 

Discussion 

We have isolated a PGE, receptor from cardiac SL 
membranes by two independent methods. The first 
includes a one step WGA-Sepharose affinity chronla- 
tography procedure involving specific elution with a 
0.02% SDS solution. Purified PG receptor was also 
obtained by a simple one-step procedure based on 
molecular size separation by the sucrose gradient cen- 
trifugation of solubilized SL proteins. As judged from 

-..,3 

its mobility in SDS..PAGE the purified receptor is a 
polypeptide of M r of approx. 100000. The same 
polypeptide was obtained when WGA-Sepharosc or 
sucrose gradient centrifugation methods were usco fur- 
ther supporting our hypothesis thai this molecule cor- 
responds to the cardiac PGE, receptor. 

WGA-Seoham~," yi,,w,o.~ or'.,= ,:cepior with a rela- 
lively low binding capacity. Based on the [~H]PGE, 
binding to the isolated receptor (190 pmoles of [~H] 
PGE, /mg  of protein) it may be concluded that the 
purified receptor preparation would not be 100% pure. 
Coomassie blue or silver staining of SDS-PAGE of the 
i s o l a t e d  r e c e p t o r  preparation, however, revealed the 
presence of only one protein band at 1(10 kDa. The 
WGA-Sepharose procedure developed by us to isolate 
the PGE, receptor may have resulted in the purifica- 
lion of partially inactivated receptor. This may be dec 
to the use of a low concentn'ation of SDS for l'imd 
elution ol' the receptor polypeptide from WGA-Sep- 
harose. Based on the M, of the isolated receptor and 
PGE., binding to the intact and so~ubilized SL a purifi- 
cation fold of I()00l) would be required in order to 
achieve homogeneity. Using the WGA-Sepharose pro- 
cedure only 200-fold purification is achieved based on 
the specific binding of PGE 2 to the purified receptor. 
This is most likely due to a partial inactivation of the 
receptor molecule during the WGA-Scpharose chro- 
matography followed by an SDS elution. Sucrose gradi- 
ent centrifugation method offers an alternative proce- 
dure for the purification of PGE, receptor. PGE, 
receptor purified by sucrose gradient centrifugation 
bound 0.63 #mol of [3H]PGE:/mg of protein. This 
corresponds to 630()-fold purification and indicates that 
highly active, functional PGE: receptor can be purified 
by this procedure. 

The purified PGE, receptor does not stain with 
peroxidase labelled lectin, indicating that it is not 
glycosylated and therefore, must be retained by WGA- 
Sepharose as a result of association with a glyco-media- 
tot which survives solubilization of the membranes. 
This characteristic is similar to the dihydropyridine- 
binding subunit of the skeletal muscle dihydropyridine 
receptor, as well as skeletal muscle dystrophin. Both of 
these proteins are retained on WGA-Sepharose and 
are eluted by a detergent solution rather than a spe- 
cific sugar [25,26]. At present the nature of the media- 
tor involved in the interaction of the PGE, receptor 
with the lectin column is not clear, however, a complex 
of SL membrane glycopl"oteins (120 kDa and 10{) kDa) 
containing WGA and Concanavalin A binding sites can 
be eluted from lectin colunln by a specific sugar [22]. 
Thus, low concentrations of SDS are able to dissociate 
the PGE, receptor-glycoproteins complex. The 120- 
kDa and'100-kDa glycoproteins are the major C,'t ~ 
binding proteins in the SL membranes [22]. The associ- 
ation between PGE 2 receptor and these membrane 
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glycoproteins is not clear at the present. PGE 2 recep- 
tor molecules either interact with these glycoproteins 
the native membrane or this association is related to 
the type of micelles formed when SL vesicles are 
solubilized with CHAPS. This subject will require fur- 
ther study. 

In order to purify the PGE 2 receptor, we first 
determined the conditions which optimally solubilize 
the SL membrane, while retaining PGE., binding activ- 
ity in the solubilized sample. Amongst the detergents 
tested, CHAPS was found to solubilize the cardiac SL 
membrane,,, without loss of PGE: binding activity in 
the sf~iubilized fractions. PGE., binding to the soluble 
reo;ptor is slightly enhanced, but like intact mere. 
brahe, requires high ionic strength (I(HI mM NaCI). 
The CHAPS-solubilized receptor has two types of lig- 
and t,ipding sites with a K d of (I.33 and 3.0(} nM and a 
B.,,,,x of 0.50 and 2.(111 pmol/mg of protein, respectively. 
This agrees well with K o and B,,,,~ values observed for 
the membrane.bound recepto~ [5]. PG binding to 
CHAPS-solubilized receptor is displaced by PGE, and 
PGEI but not by PGD.,, PGI,, PGF.,,, and 6-keto- 
PGFI, ,, This is also in a good agreement with our 
earlier observations for intact SL vesicles [5]. 

in previous studies a number of detergents have 
been used in attempts to solubilize different eicosanoid 
receptors including digitonin, CHAPS and Triton X-100 
[9,11,14,27-29]. Unfortunately, PG high-affinity bind- 
ing properties have frequently been lost upon solubi- 
lization of the receptor. Recently, Tsai et al. [28] re- 
ported solubilization of the I)GI: receptor in platelet 
membrane and showed that CHAPS was also far ~upe- 
riot in releasing the PGI: receptor compared to any 
other detergent tested. Watanabe et al. [9] used digi- 
tonin and CHAPS to solubilize a PGE, binding pro- 
tein from renal medulla [9]. These investigators noted 
'hat the digitonin solubilized receptor is associated 
with a guanine nucleotide regulatory protein which can 
be dissociated from the receptor by solubilization with 
CHAPS [9]. Based on these studies and our own re- 
sults, CHAPS may be consider the detergent of choice 
tbr the isolation of the pure PGE., receptor molecule. 

The purified PGE., receptor from heart SL reveals 
one polypeptide band of M, IIXIIXX) (Fig. 5), which can 
be photolabelled with ['~H]azido-PGE,, a photoactivc 
derivative of PGE2 [15]. Using [aH]azido-PGE,. we 
showed recently that a 100-kDa polypeptide is specifi- 
cally labelled by this compound in cardiac SL mem- 
branes [15]. We propose that this l{11)-kDa protein 
corresponds to the PGE: receptor in the heart. This 
molecular weight resembles values reported for PGE, 
binding proteins from other tissues [9-14]. Using the 
sucrose-density gradient sedimentation method the 
PGE2 receptor in rat liver plasma membrane was 
estimated to be a 105-kDa polypeptide [11]. Fernan- 
dez-Botran and Suzuki [14] using PGE, coupled to 

Sepharose 4B followed by gel filtration and isoelectric 
focusing isolated a PGE 2 binding protein of M r 95 0{X} 
from murinc macrophage-like cells. Negishi et al. [10] 
used the technique of cross-linking bovine adrenal 
membrane with dithiobis(succinimidyl propionate) fol- 
lowed by GTP-Sepharose or WGA-Sepharose affinity 
chromatography in order to isolate a complex of PGE, 
receptor and GTP-binding protein. The cross-linked 
complex eluted as a 200-kDa oligomer, with the M, of 
the PGE_, binding protein estimated at 110000 (200- 
kDa minus 90-kDa GTP-binding protein). With the 
exception of one study, where the canine renal medulla 
PGE, receptor was reported to be a glycoprotein with 
a M r of 65 0110 [9], molecular weights of PGE., recep- 
tors have been estimated to be I{10(}00, similar to the 
cardiac receptor isolated in this study. The size of the 
isolated PGE 2 receptor is in contrast to estimated sizes 
for the platelct P G I : / P G E .  receptor (two subunits 
85-kDa and 95-kDa [31}]), the thromboxane A : / P G H ,  
receptor (140-180-kDa polypeptklc [311] or 57-kDa 
polypeptide [31]) or the Icukotrienes B.( receptor (6(}- 
kDa [32]). Kyldin and Hammcrstrom [12], however, by 
size-exclusion chromatography estimated a 107-kDa for 
PGF.,,, receptor in sheep or bovine corpora lutea. 
Molecular cloning of the eDNA encoding the receptor 
polypeptide will provide an exact molecular weight of 
the PGE., receptor in the heart. 
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