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Prostaglandin D 2 receptor of mastocytoma P-815 cells - possible 
regulation by phosphorylation and dephosphorylation 
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The 3H-labeled prostaglandin D 2 (I3HIPGD2) binding protein in the membrane fraction of mastocytoma P-815 cells 
was characterized. The specific binding of [3H]PGI~ to the ceils or the membranes reached a maximum at pH 5.6, and 
was saturable, displacealge and of high affinity when incubated at 0 or 370C. The ~ values for [3HIPGD2 binding in 
the two preparations at pH 5.6 were much higher at 0 ° C  than at 37 °C, whereas the K d values were almost equal (85.3 
nM for the cells and 80.5 nM for the membranes, respectively). High specific [3H]PGD2 binding activity in the mildly 
acid-treated cells was still observed when the external pH was raised from 5.6 to 7.2. Furthermore, specific i3H]PGD2 
binding to the membranes (at 0°C ,  pH 5.6) increased on addition of phosphatase inhibitors tNaF and molybdate) in the 
presence of 10 I~M ATP, but practically disappeared on pretreatment of the membranes with phosphatase. On 
incubation of the membrane with [¥-3zp]ATP and molybdate, the stimulated incorporation of the [32p]plmsphate into 
several peptides, including ones having an Mr of around 100000-120000, was observed. These results suggest that 
[3HIPGDa binding in the mastocytoma P-815 cell membrane is controlled through phosphorylafion-deplmslgmrylation 
of the ~ astir. 

Introduction 

PGD 2 has been reported to perform various biologi- 
cal functions, such as neuromodulation in the brain [1], 
anti-aggregation in platelets [2], inhibition of luteinizing 
hormone release in the pituitary gland [3], and so on. In 
mast cells, PGD 2 increases cyeUc AMP levels in the 
presence of a phosphodiesterase inhibitor, resulting in a 
marked inhibition of antigen-stimulated histamine re- 
kase [4]. Although PGD 2 receptors have previously 
been demonstrated in rat brain synaptic membranes [5] 
and in human platelets [6], the characteristics, or even 
the existence, of PGD 2 receptt.:rs in mast cells remain 
unclear. The main reasons for this are the mast celrs 
high PGD 2 synt.hetase activity [7] and production of 
PGD 2 at the time of the rele ~se reaction [8]. In ad- 

Abbreviations: PGD 2, prostaglandin D2; DMSO, dimethyl sulfoxide; 
PBS, phosphate-buffered saline; PMSF, phenylmethylsuifonyl fluo- 
ride; DFP, diisopropyl fluorophosphate, EGF, epidermal groxth fac- 
tor: SDS, sodium dodecylsulfate. 

Correspondence: A. Ichika,,,a, Department of Health Chemistry, Fa- 
culty of Pharmaceutical S,.'iences, Kyoto University, Yoshida, Sakyo- 
ku, Kyoto 606, Japan. 

dition, the difficulty of preparing non-stimulated mast 
cells in large quantity compounds these problems. 

On the other hand, neoplastic mouse mastocytoma 
P-815 cells have been a useeul model in which the PGD e 
binding can be studied, lx~cause the cells proliferate 
rap~.lly in the peritoneal quid g ith a number of proper- 
ties r:haracteristics of normal mast cells [9], but they 
scarcely produce any type of endogenous prostaglandin 
becau.~e of their complete lack of cyclooxygenase activ- 
ity [10 !. Addition of exogenous PGD z to mastocytoma 
P-815 cells has been previously reported to stimulate a 
low level of cAMP accumulation [11] and to suppress 
the growth rate [10]. 

In this study, we found the existence of high-affinity 
binding sites for PGD~ on the plasma membranes of 
mastocytoma P-815 cells. Furthermore, the possible 
control of PGD 2 binding activity through phosphorylao 
tion and dephosphorylation of the recep:or~ is dis- 
cussed. A preliminary report ha:, already appeared [12]. 

Materials and Methods 

Cells 
Mouse mastocytoma P-815 cells [9] were maintained 

in the ascitic form in BDF] male mice. The cells were 
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harvested from the peritoneal fluid of the inoculated 
mice and then washed three times with PBS as described 
previously [13]. Cell viability was determined on the 
basis of nigrosin exclusion. 

Preparation of the plasma membranes 
All procedures were performed at 0 -4°C.  Masto- 

cytoma P-815 cells (1.5-109 calls) were washed, resus- 
pended in 7 ml of TEMB buffer (10 mM Tris-HCl (pH 
7.8)/1 mM E D T A / 4  mM MgCI2/6  mM 2- 
mercaptoethanol) and then homogenized with a 
Dounce-type homogenizer. The homogenate was 
centrifuged at 900x g for 10 rain to sediment the 
nuclear fraction, which was in turn resuspended in 12 
ml of TEMB and centrifuged at 900 × g for 10 rain. The 
two 900 x g supernatant fractions obtained above were 
combined and centrifuged at 30000 × g for 30 rain to 
sediment plasma membranes and mitochoadfia. The 
precipitate was resuspended in 3.3 ml of 45% sucrose in 
20 mM Tris-HCl (pH 7.8) and placed in a centrifuge 
tube (SCN; Hitachi, Tokyo, Japan). 0.5 ml each of 40% 
and 36% sucrose solutions were layered on top of the 
45% sucrose solution, after which the tube was eentri- 
faged at 66000 x g for 60 rain in a Hitachi SW-39 
rotor. The membranes collected at the two interfaces, 
between 40 and 45% sucrose (heavy membranes, HM) 
and between 40 and 36% sucrose (light membranes, 
LM), and mitochondria were sedimented at the bottom 
of the tube. In most experiments, the two membrane 
fractions were combined, diluted 20-fold with PBS and 
centrifuged at 30000 x g for 30 rain. The sedimented 
membranes were resuspended in the same buffer and 
quickly frozen for storage, if necessary. The [3H]PGD2 
binding activity of the membrane preparations re- 
mained stable for at least 4 weeks on storage at - 80 * C. 

['~H]PGD 2 binding assay 
[3H]PGD2 binding was assayed in essentially the 

same manner as described for [3HIPGE binding [13,14]. 
The cells ((5-6)-106 cells) or plasma membranes (ap- 
prox. 100-200 ~tg protein) were suspended in 100 ~tl of 
PBS, with or without acetic acid pH adjustment, and 
incubated with 6 nM [3H]PGD2 (1 ttCi) for assaying the 
total PGD 2 binding and also in the presence of 50/xM 
PGD 2 for the nonspecific binding assay. Incubation 
was routinely followed for 60 rain at 0 ° C  or for 3 nun 
at 37"C, because the specific binding of [3H]PGD2 to 
the cells and the membranes at both temperatures re- 
ached a plateau level at those respective times (see Fig. 
1B). The reaction was terminated by the addition of 2 
ml of cold saline and the reaction mixture was im- 
mediately filtered through glass rmcrofilters (Whatman 
GF/C) ,  which were in turn rinsed three times with 2 ml 
of cold saline. The filtration procedures were designed 
to be completed within 10 s. Radioactivities of the dried 
filters were measured in 8 ml of a toluene/Triton (2 : 1, 

v/v) solution containing 0.5% 2,5-diphenyloxazole and 
0.8 ml H20. 

Specific binding of [3H]PGD2 was defined as the 
total radioiigand binding minus nonspecific binding 
which was not competed fc, r by 6 ~M of unlabeled 
PGD 2, and the data were then plotted according to 
Scatchard 1151. 

Phospho~lation assay 
An aliquot of the membrane fraction (approx. 120 pg 

protein) suspended in 100/~! of pH-adjusted PBS con- 
taining 0.36 U / m l  acid phosphatase or 5 mM molyb- 
date, if necessary, was incubated with 10 taM [y- a2p]ATP 
(20 /~Ci). The reaction was performed for 60 rain at 
0°C,  or for 1-10 min at 370C, and terminated by the 
addition of 10 ttl of a stopping solution (20% SDS atad 
10 mM 2-mercaptoethanol). The mixture was boiled for 
5 min, after which 0.01% Bromophenol blue and 10% 
glycerol were added. 

SDS-polyacrylamide gel electrophoresis 
Slab gel electrophoresis on a 12.5% polyacrylamide 

gel was performed according to the method of Laemmli 
[16]. Electrophoresis was usually conducted in a 12 × 14 
cm slab gel for about 3-4 h. The gels were stained, 
destained and dried as described by Sandmeyer et al. 
[17]. The 32p-labeled phosphorylated proteins were 
identified by autoradiographing the dried gels with Fuji 
X-ray film (Kanagawa, Japan) for 1 day at - 8 0  o C. 

Protein 
The protein content was determined by the method 

of Lowry et al. [18] with bovine serum albumin as the 
standard. 

Materials 
The prostaglandins were purchased from Funakoshi 

Pharmaceutical, Tokyo, Japan. They were dissolved in 
DMSO and diluted with PBS just prior to use. The final 
concentration of DMSO was adjusted so as to be less 
than 0.04% (v/v) in the incubation mixture. [3H]PGD2 
(100 Ci/mmol) was obtained from New England 
Nuclear; 32po 4 (888 MBq/ml)  and [y-~2PJATP (3000 
Ci/mmol) from Amersham-Japan, Tokyo, Japan; al- 
kaline [EC 3.1.3.1] and acid [EC 3.1.3.2] phosphatases, 
PMSF, DFP and leupeptin were from Sigma, St. Louis, 
MO, U.S.A. Other chemicals of the highest available 
quafity were obtained from commercial sources. 

Results 

Effect of pH on the [aH]PGD2 binding to mastocytoma 
P-815 cells 

As shown in Fig. 1A, the specific binding of 
[3H]PGD2 to mastocytoma P-815 cells was low at pH 
7.2, but increased 6-7-fold to the maximum level as the 
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Fig. 1. (A) Effect of pH on [~H]PGD 2 binding to mastocytoma !)-815 cells. Mastocytoma P-815 cells (6. lO ~ cells) were incubated at O°C for 60 
rain ( 0 )  or at 37°C for 3 rain (It) or 10 min (A) in 100 Fi of PBS containing 6 nM [~HIPGD2 with or without 6 /~M PGD 2. The pH of the 
incubation buffer was adjusted by adding aliquots of 0.5 M acetic acid. Each value repre~nts the mean ± S.E. of four samples. (B) Time-course of 
binding and dissociation of |3H]PGD2 in mastocytoma !)-815 cells. Mastocytoma P-815 ceils (5-106 cells) were incubated at 0 or 37 o C (inset) in a 
binding medium containing 5 nM [3H]PGD2. Total binding ((3) was obtained as :lescribed in Materials and Methods. Nonspecific binding (e) was 
determined by including 6/~M PGD;~ in the incubation mixture. After 60 min incubation at 0 ° C ,  6 ~tM unlabeled PGD 2 was added (arrow) to 
initiate dissociation of [3H]PGD2, and the amo,,,+. ,~¢ [3~IlPt3,Vt 2 h~.~d wa~ determined after various time intervals (O). This figure is a typical 

record from one of three similar experiments. Each point represents the mean value of duplicate determinations. 

pH was lowered to 5.6 through the addition of acetic 
acid to the reaction mixture incubated at 0 °C or 37 o C, 
and decreased again to negligible levels as the pH was 
further lowered to 4.0. The cell viability remained un- 
changed in the pH range tested, as judged on the basis 
of nigrosin exclusion (data not shown). Fig. 1B shows a 
typical time-dependency of [3H]PGD: binding to 
mastocytoma 1)-815 cells incubated at pH 5.6 at differ- 
ent ~emperatures (0°C  or 37°C). 60 rain after the 
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Fig. 2. Scatchard plots of |3H]PGD2 binding to mastocytoma P-815 
cells at pH 7.2 and 5.6. Mastocytoma i)-815 cells (6-106 cells) were 
incubated at O°C for 60 min at pH 7.2 (A) or 5.6 (B) in PBS 
containing 6 nM [3HIPGD 2 and 0 -6 /~M P<3D 2. Each value is the 

mean of triplicate determinations. 

incubation at 0 °C,  both th: total and nonspecific bind- 
ing of [3H]PGDz to the cells increased only slightly with 
:ime, and the specific binding, i.e., the differences be- 
tween total and nonspecific binding, apparently reached 
equilibrium. The addition of a large excess of unlabeled 
PGD: at 60 rain caused displacement of more than 75% 
of specifically bound [3H]PGD2 within 60 rain, indicat- 
ing that the binding of [~H]PGD 2 was reversible. At 
37°C, on the other hand, nonspecific binding of 
[3H]PGD2 increased linearly with the incubation time, 
whereas the specific binding exhibited a maximum in 3 
rain and the level was maintained for a further 30 min 
of incubation (inset in Fig. 1B). 

Based on these results, the specific binding of 
[3H]PGD2was routinely determined at 0 ° C  for 60 rain, 
or at 37 °C for 3 rain, if necessary. 

Scatchard plot analysis of PGD 2 binding sites on masto- 
cytoma P-815 cells 

[ 3 HIPGD2 binding in the presence of various amounts 
of PGD 2 at pH 7.2 (Fig. 2A) or at pH 5.6 (Fig. 2B) was 
determined by incubating the cells at O°C for 60 min. 
Scatchard analysis of the binding data gave a straight 
line, ind;_cating the existence of a single class of high-af- 
finity binding sites with equilibrium dissociation con- 
stants (K a) of 78.0 nM (at pH 7.2) and 85.3 nM (at pH 
5.6). B,,,,x values were 0.23 fmol/10 + cells (145 
sites/cell) and 1.56 fmol/106 cells (983 sites/cell), at 
pH 7.2 ~,,,d 5.6, respectively. 

Subceilular distribution of [ 3H] PGD2 binding sites 
Among the subcellular fractions of mastocytoma P- 

815 cells tested, the two membrane fractions (LM and 
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Fig. 3- [3HIPGDz binding to subcellular fractions of mastocy:oma 
P-815 ceils. Aliquots of each subcellular fraction {approx. 130 jag 
protein) of mastocytoma I'-815 cells were incubated at 0 ° C  for 60 
rain in PBS (100 t~l) containing 6 nM [3HIPGD 2 with or without 6 
t~M PGDz at pH 7.2 (open column) and 5.6 (hatched column). (A) 
[3H]PGD~ bound per mg protein, (B) [3H]PGD2 bound per 1-107 
cells. LM, light membrane; HM, heavy membrane; PPT, 66000× g 
precipitate on sucrose gradient centrifugation (containing 
mitochondria and iysosomes); SUP, 30000Xg supernatant (con- 
taining microsomes). Each value is the mean of duplicate determina- 
tions. Similar results were obtained for three more experiments of the 

same design. 

HM) showed high [3H]PGD2 binding activity. Approx. 
60 and 80% of the total amount  of specific [3H]PGD2 
binding was recovered in the combined LM and H M  
fractions at p H  5.6 and 7.2, respectively. The [3H]PGD2 
binding to the membrane fractions was also higher at 
pH 5.6 (Fig. 3). At this pH, the relative abilities of 
s~verai prostaglandins to displace the [3HIPGD2 bound 
to the membrane were in the order of PGD 2 :~ PGE 2 >_ 
PGE 1 :*> PGF2o (Fig. 4), essentially the same order as 
the potencies of these prostaglandins in whole cells at 
pH 5.6, as well as in the membranes and whole cells at 
pH 7.2 (data not shown). 
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Fig. 4. Specificity of [~H]PGD 2 bi~.ding to plasma membranes of 
mastocytoma P-815 cells. Plasma membranes (130 Vg protein) were 
incubated at OoC for 60 rain in PB$ (100 ~1) at pH 5.6 containing 6 
nM [~HIPGD 2 and 0-6  /~M 1N3D2 (o), PGE t (O), IN3E 2 (A) or 
PGFa. (o). The results are expressed as percentages of the total 
radioactivity (100% = 3137 dpm (14.1 fmol)/'mg protein) cecovered 
for the membranes incubated with 6 nM 13H]PGD2 alone. Each value 
is the mean of dupficate determinations. Similar results were obtained 

for two more experiments of the same design, 
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Fig. 5. Scatehard plots of [ 3H]PGD2 binding to plasma membranes at 
pH 7.2 and 5.6. Plasma membranes of mastocytoma P-815 cells (130 
pg protein) were incubated at 0°C for 60 mm in 100 ~1 of PBS 
containing 6 nM {3H]PGD2 and 0-6 ~M PGD2 at pH 7.2 (A) or 5.6 

(B). Each value is the mean of triplicate determinations. 

The presence of a single class of  b inding sites for 
PGD 2 was also confirmed for the membrane  fractions 
by Scatchard analysis (Figs. 5A and 5B). At p H  5.6, the 
P G D  2 binding site with a K,j value of 83.7 nM wa~ 
calculated to have a B=a x of 25.5 fmol /mg protein. On 
the other hand, at pH 7.2, the Bm~ value of the P G D  2 
binding site (2.35 f m o l / m g  protein) was about one- 
eighth of that at pH 5.6, while the K d value was similar  
(80.5 riM). 

Effect of acid pretreatment on [JH]PGD 2 binding to the 
cells 

Mastocytoma P-815 cells, which had been washed 
after preincubation at pH 5.6 for 30 rain at 0 o C, still 
retained higher [3H]PGD2 binding  abil i ty than did un- 
treated cells when assayed at pH 7.2 (Table I). On the 
other hand, lowerin~ the extracellular p H  to 5.6, after 
the cells had been prelabeled with P G D  2 at pH 7.2 by  
incubat io ,  at 0"~C for 60 min following the removal of 
unbound P G D  2, still st imulated the cells to b ind  
[3HIPGD2. In contrast to [3H]PGD2, the binding of 
[ 3 H]dihydroalprenolol and [ 3 H]cyclohexyladenosine to 
the membranes  was not enhanced by the acid treatment,  
instead, that of  D H A  to the ~-adrenoceptor was strongly 
inhibited (Table II). Thus, the st imulation of b inding by 
acid treatment was shown to be specific for P G D ,  in 
mastocytoma P-815 cells. 

Effects of NaF, molybdate and phosphatase on [ ~H]PGD 2 
binding to the membranes 

[3H]PGD2 binding to the membranes  at p H  5.6 or 
7.2 increased on the addit ion of a phosphatase inhibi tor  



TABLE ! 

Effect of acid treatment on [JH]PGD 2 binding to mastocytoma P-815 
cells 

The cells were preincubated at pH 7.2 or 5.6 tn PBS at O oC for 30 
rain. The pH was then adjusted to 5.6 or ~.2 by the addition of a small 
amount of acetic a a d  or NaOH. The ceils were washed and resus- 
pended in the second incubation buffer of the required pH. and 
[3H]PGD2 binding was determined after incubation at 0 ° C  for 60 
rain. Each value is the mean of three determinations + S.E. 

pH of PBS [~H]PGD 2 bound 
1st 2nd (fmol/106 cells) 

7.2 7.2 0.225 + 0.033 
5.6 1.67 ±0.14 

5.6 5.6 2.65 :t:0.29 
7.2 1.68 + 0.22 

such as NaF or molybdate to the incubation medium. 
ATP (10 /AM) was the only nucleotide effective in 
stimulating [3H]PGD2 binding '.o the membranes (Ta- 
ble III, Experiment I). On the other hand, pretreatment 
of the membranes with acid phosphatase for 10 rain at 
37°C almost completely inhibited the [3H]PGD2 bind- 
ing ability of the membranes at both pH 5.6 and 7.2. 
However, the [3H]PGD2 binding activity did partially 
recover on incubation of the phosphatase-pretreated 
membrane in a phosphatase-free medium containing 
molybdate for 1 rain at 37°C (Table Ill, Experiment 
If). The recovered binding sites had a K d value of 35.2 
nM and a lower Bm~ value (6.89 fmol/mg protein) 
(Fig. 6). The addition of various proteinase inhibitors, 
such as trypsin inhibitor, PMSF, DFP or leupeptin to 
the cells incubated with acid phosphatase at pI-" 5.6, did 
not modify the enzyme activity in inhibiting the PGD z 
binding, which indicates that the decrease of bwding 
ability of the cells by incubation with acid phosphatase 
was not due to the contamination of t~roteinase activity 
in the preparation (data not shown). 

TABLE I1 

Effect of pH on the binding of [JHJdihydrocrlprenolol ([ ~H] DHA) and 
[ JH]cyclohexyladenosine ([ 3H]CHA) to ma.~tocytoma P-815 cells 

The ceils (5.106 cells) were incubated with 8 nM [3H]DHA or 7 nM 
[3H]CHA in the presence or absence of the respective nonradioactive 
ligand at a 1000-fold higher conceptration in PBS medium of different 
pH values at 37°C for 30 rain. Radioactivity was determined as 
described in the text. Each value represents the label bound to the 
cells and is the mean of three determinations 5: S.E, 

l~,,;ubation pH [3HIDHA bound [SH]CHA bound 
(fmol/106 cells) (fmol/106 cells) 

7.17 42.3 +1.5 7.57-+0.58 
6.62 10.6 +0.8 7.75 ± 3.64 
5.54 5.42 ± 0.25 5.54 ± 0.15 
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TABLE Ii! 
Effects of NaF, molybdate, nucleotide~ and phosphatase on [ J H] PGD: 
binding to the membranes of mastocyt ~ma P.815 cells 

Experiment I. Plasma membranes 1131 pg of protein) of mastocytoma 
P-815 cells were incubated at 37°C for I rain in 100 ~1 of PBS at pH 
7.2 and 5.6 in the presence of 6 nM [3H]PGDz with or without 6 pM 
PGD 2 and each reagent: NaF (0.1 raM), molybdate (5 raM) or a 
-tucleotide (10 ttM). Experiment II. Plasma membranes (128 pg 
protein) of mastocytoma P-815 cells were incubated with acid phos- 
phatase (0.36 U/rnl)  at 37 ° C  for 10 rain, centrifuged and washed 
with cold PBS to remove the residual enzyme. The phospha~se-pre- 
treated membranes were further incubated with molybdate a~. 37 °C  
for 1 rain in "00 t~! of PBS at pH 7.2 and 5.6 with oJ ~vitnout 
phosphatase (0.36 U/ml )  in the presence of 6 nM |:~HIPGD 2 with or 
without 6 pM PGD 2. Each value is the mean of three determinations 
5: S.E. * statistical significance P < 0.05. 

Treatment [ ~ HIPGD 2 bound 
( fmol/mg protein) 

pH 7.2 pH 5.6 

Experiment I 
Control 1.32 ~ 0.23 4.72 :i: 0.35 
NaF 2.72_+0,28 * 14,1 ±0,42 * 
Molybdate 3.72+0.36 * 13.6 ±0,54 ° 
ATP 2.22±0.26 * 10,7 ±0.32 * 
GTP 1.30 ± 0.35 3.28 ± 0.25 
CTP 1.30 +0.24 3.56 + 0.36 
ITP 1.28 _+0,22 2.89 +0.22 

Experiment II 
Without phosphatase 1.10 _+ 0.13 3.68 + 0.15 
With phosphatase 0 "~ ± 0.05 0.56 ± 0.06 

Effect  o f  molybdate  on phosphoo'latio,n o f  m e m b r a n e  pro- 
teins 

T o  c l a r i f y  w h e t h e r  t h e  a c t i v a t i o n  o f  [ 3 H ] P G D 2  b i n d -  

i n g  b y  m o l y b d a t e  c o r r e l a t e s  w i t h  t h e  p h o s p h o r y l a t i o n  o f  

protein(, , , ) ,  t h e  m e m b r a n e  p r e p a r a t i o n  was  i n c u b a t e d  in 

t h e  p r e s e n c e  o f  [ 7 - 3 z P 1 A T P  at  p H  5.6 a n d  t h e n  a n a l y z e d  

I o.00~ 

:~ 0.020 

~0.015 

~ 0.010 
ii 
m O . ~  

0.5 1.~0 
B(fmoVma) 

Fig. 6. Scatchard plots of [ 3H|PGD2 binding to acid phosphatase-pre- 
treated plasma membranes. Plasma membranes (130/zg protein) were 
pretreated at pH 5.6 with acid phosphatase (0.36 U /ml )  in I00 pl of 
PBS at 37 o C for 20 rnin. The membranes were then washed with cold 
PBS and assayed for {3H]PGD2 binding at pH 5.6 without acid 
phosphatase (0.36 U/ml). Scatchard analysis was performed in a 
similar manner to that in Fig. 5. Each value is the mean of triplicate 

determinations. 
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Fig. 7. Autoradiogram of the SDS-polyacrylaraide gel after electro- 
phoresis of 3z P-labeled plasma membranes. Plasma membranes (125 
/tg protein) were incubated with l 0 / t M  [y-32P]ATP at 0 ° C  for 60 
rain in the presence (A) or absence (B) of 5 mM molybdate, The 
phoaphorylation reaction was terminated by the addition of a stop- 
ping solution containing SDS. Equal aliquots of the reaction mixtures 
were subjected to electrophoresis on a 12.5~ polyacrylamide ~el ano 
then autoradiographed with X-ray film at - 8 0  Q C. The numi~ers on 
the right side are the molecular weights of standard marker proteins. 
Arrows indicate the peptides strongly phosphorylated in the presence 

of molybdate. 

using SDS-polyacrylamide gel electrophoresis. As shown 
in Fig. 7, several peptides (shown dS arrows) were 
strongly labeled in the presence of molybdate. When the 
plasma membrane, even when pretreated with phos- 
phatase and washed, was incubated in the presence of 
[3zP]ATP, molybdate strongly stimulated the incorpora- 
tion of [3"P]phosphate into the peptides (data not 
shown). 

Discussion 

In the present study, we have demonstrated that 
mastocytoma P-815 cells have specific binding sites for 
PGD:~ on the plasma membrane, in addition to those for 
PGE! [13]. We have also demo,astrated ttmt the binc'ing 
activity is much higher at an acidic pH than under 
neutral conditions. The stimulatory effect of acid treat- 
ment on [3H]PGD2 binding to whole cells and to plasma 
membranes was due to the increases in Bm~ values but 
not of K a values. In addition, the stimulation at pH 5.6 
was observed even at 0 ° C, and even after raising the 
pH to 7.2. These results s~ggest that the higher binding 
activity under acidic conoitions is not due to the new 

synthesis of PGD2-recep~or components or to the alter- 
ation of membrane fluidity. One possible explanation 
for higher PGD 2 binding at pH 5.6 and at 0 °C  is that, 
in this condition, more binding sites are accessible 
because at pH 7.2 and at 37 °C these sites are endocyto- 
sed. However, this i~ unlikely because, as shown in 
Table I, [3H]PGD2 binding was increased in acidic pH 
at 0 ° C, whether the cells were washed at pH 5.6 or at 
pH 7.2 at 0 ° C, under which condition, internalization 
of receptors cannot take place. It is known that ex- 
posure of ligand-receptor complexes to a mildly acidic 
condition causes dissociation of several ligands, in- 
cluding EGF [191, insufin [20], a2-macroglobulin [211, 
lysosomal enzymes [22] and glucagon [23], from their 
receptors on the surface of cell membranes. [3H]PGD2 
binding was stimulated by lowering the pH in ceils 
which had been prelabeled with PGD 2 at pH 7.2. In 
addition, [3H]PGD 2 binding was stimulated at pH 5.6 
in the membrane preparation. The endocytic uptake of 
the [3H]PGDz-receptor complex into the cytoplasm 
seems unlikely to be the cause of the increase in 
[3HJPGD2 binding sites in mastocytoma P-815 cells 
when exposed to acidic pH at 0 o C. This is because the 
endocytic reaction of ligand-receptor complexes is well- 
known to be temperature- and energy-dependent and 
also to reduce the number of cell surface receptors [24]. 
Although an acid-induced increase in prostaglandin 
binding was also reported for PGE~ receptors on hu- 
man peripheral monocytes [24],, fat cells [251, and bovine 
adrellal membranes [26], and for PGE~ receptors on 
bovine thyroid membranes [271 , it is not clear whether 
the pH-dependency for prostaglandin binding is a prop- 
erty of the ligands, their receptors, or both. In addition 
to the exact mechanism of the pH-dependency, the 
physiological significance of these phenomena remains 
unclear. The acid stimuiation of PGD 2 binding may 
reflection the reaction under the acidic condition of 
inflammatory tissues. 

K a values for the [3H]PGD2 binding sites of masto- 
cytoma P-815 cells (85.3 nM) and their n,.embranes 
(86.4 nM) were similar to that reported for rat brain 
s)naptic membranes (28 nM) [5]. This binding site is 
highly specific to PGD 2, whereas PGE,,  POE 2, PGF2, , 
displaced [ 3 H]PGD2 binding only at considerably higher 
concentrations. On the other hand, the binding capacity 
of mastocytoma P-815 cells for PGD 2 was only about 
1/30 to 1/100 of that for PGEI (Bm~, values of the 
high- ar~.d low-affinity binding sites for PGE t were 12 
and 31 fm~,i/106 cells [13], versus those for PGD 2, 0.23 
fmol/106 cells, ,,~ pH 7.2). In addition, the K a value for 
PGD2 is similar to the value for the low-affinity sites of 
PGE 2 (22 nM), but not to the h~gh-affinity sites (1.1 
nM) [13]. These differences reflect the much lower 
ability of PGD 2 compared to that of PGE, in stimulat- 
ing cAMP synthesis in mastocytoma P-815 cells. There- 
fore, the potent growth inhibition of mastocytoma P-815 



cells by PGD z [11] may rot be mediated by cAMP. In 
various leukemia cell Ere.s, PGDz and /¢~-PGJ z, the 
ultimate PGD~ metabehte which has a growth inhibi- 
tory effect on these cells, were reported to be virtually 
inactive with respe;.t to raising the intracellular cAMP 
level [28]. At preseat, it is unclear whether or by what 
means PGD~ receptors of mastocytoma P-815 cells 
mediate PGD2-induced growth inhibition. 

NaF [29] and molybdate [30], which are inhibitors of 
acid phosphatase, were reported to stimulate hormone 
binding, as in the case of estradiol receptors from rat 
[31] and calf uteri [32], and glucocorticoid receptors 
from rat thymocytes [33]. Similarly to these findings, 
NaF or molybdate significartfly activated [3H]PGD2 
binding of mastocytoma P-815 ceils. Furthermore, the 
increase in [~H]PGD 2 binding by molybdate was com- 
parable to the increased phosphorylation of several 
peptides observed in SDS-polyacrylamide gel electro- 
phoresis. Among them, some peptides having the sus- 
pected molecular weights between 100000 and 120000 
nearly correspond to the molecular weights for PGE 
receptors reported in various tissues. The PGE 2 recep- 
tors from murine macrophage [34L rat liver plasma 
membranes [351, and bovine adrenal membranes [2t,] 
were shown to have molecular weights of .08 000, 105 000 
and i 10000, respectively. However, none of these recep- 
tor peptides has been purified. Thus the exact relation- 
ship between phosphorylated peptides and prostaglan- 
dir~ receptors is at present unclear. 

A!*h,.mgh the characteristics of the phosphorylated 
peptides have not yet been identified, it is possible that 
the binding capacity of PGD 2 receptors is regulated 
through phosphorylation and dephosphoryl,tior, of the 
receptor itself. Treatment of the membranes with phos- 
phatase caused a loss of PGD2 binding sites. However, 
incubation of the phosphatase-pretreated membranes in 
a phosphatase-frec medium containing ATP, divalent 
cations and molybdate at 37 °C resulted in the partial 
recovery of these binding site~. These results suggest 
that reversible phosphorylation and dephosphorylation 
of the [sH]PGD2 protein might occur as a result of the 
action of an unidentified protein kinase and a phos- 
phatase present in the membranes. We have detected in 
our preliminary e~perim,=nt that the binding of 
[3HIPGE~ to mastocytoma membranes was also stimu- 
lated in the presence of ATP and molybdate, and disap- 
peared by treating cells with phosphatase (data not 
shown). "][he insulin receptor from rat liver plasma 
membranes [36] and the epidermal growth factor recep- 
tor from A-431 human epidermo~d carcinoma cells [37] 
have been parti~ly purified as receptor proteins con- 
raining kinase activity. We cannot rule out the possibil- 
ity that the target protein for phosphorylation is not the 
receptor itself but other protein(s), the phosphorylation 
of which leads to the activation of [3H]PGD2 binding. 
Further purification and characterization of the binding 
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protein of mastocytoma P.gl3 ce!l membrane is re- 
quired to clarify these points. 

Neoplastic mouse mastocytoma P-815 cede- have a 
number of properties characte-istic of normal differenti- 
ated mast cells containing histamine, serotonin and 
other components, though in much lower levels com- 
pared with normal mast cells [9,381 . In addition, the 
stimulatory effect of PGD~ on cAMP synthesis to nor- 
real ma:,t cells was observed to be great in the presence 
of theophytline [38], resulting ~n a me.~-ked inhibition of 
antigen-stimulated histamine release fr :,m mast cells [41. 
This specificity of the cells in the response to the 
stimulation by PGDz is like!y to arise from the dif- 
ference in the number of PGD~ recepters between the 
two cell types. Therefore, the PGD: receptor, the pres- 
ence of which has been clearly demohstrated in neoplas- 
tic mastocytoma P-815 cells, may play a role in the 
physiological activity of normal mast cells. 
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