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SUMMARY

Great specificity 1s demonstrated for the prostaglandin E; high affimity binding
sites of rat thymocytes Whereas prostaglandin E, has the same affinity as prostaglan-
din E;, 13 other prostaglandin derivatives and antagonsts are bound with 2-1000
times smaller affimities

50 % mhibition of the high affinity binding of prostaglandin E; to rat thy-
mocytes 1s demonstrated for three non-steroidal antunflammatory drugs, mdometh-
acin (36 107° M), salicylic actd (29 1072 M) and acetylsalicylicacid (2 1072M)
The low affinity binding of prostaglandin E, 1s enhanced by the same concentra-
tion of indomethacin, however, to a lesser degree and more variable than the inhibi-
tion of the high affinity binding of prostaglandin E|

Like 1ntact cells a 50-fold purified plasma membrane fraction, i1solated from a
homogenate of rat thymocytes, shows reversible high affinity binding of prostaglandin
E; as well as irreversible binding of unidentified tritiated compounds The binding
data are compatible with a localization 1n the plasma membrane of high affinity sites
for reversible binding with a considerably higher dissociation constant than that found
for whole cells Their identity remains to be demonstrated

INTRODUCTION

The presence of a limited number of high affinity binding sites for prosta-
glandin E; has been found in a number of tissues supposed to be targets for this
substance, such as the thyroid gland [1], uterus [2], blood platelets [3, 4], corpus
Iuteum [5], hiver [6] and adipocytes [7, 8] In several of these investigations the data
suggest that the binding sites are confined to the plasma membranes In accordance
with these observations a correlation between the degree of saturation and the effect
on the adenylate cyclase system or other cellular parameters has been found in few
cases [9, 10] However, most other observations indicate that, 1n order to give half
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maximal activation of the adenylate cyclase system, the prostaglandin must be
present 1n a concentration 100- to 1000-fold the amount that saturates the binding
sites half maximally, suggesting that the adenylate cyclase system 1s not involved
These discrepancies show that the biological significance of these binding sites 1s
not yet clear

The thymocytes are apparently an example of cells, where binding affinity and
activation of the adenylate cyclase system are dissociated, since the half maximal effect
of prostaglandin E, on the enzyme 1s obtained at 10~ 7—-10"® M [11], whereas Schaum-
burg [12] has demonstrated half maximal saturation of the high affinity binding sites
at 107° M at 37 °C The present studies were carried out as 4 continuation of these
binding studies, assuming that more information may eventually point to the physio-
logical significance of the binding It was considered doubtful that the small number
of binding sites per cell found by Schaumburg [12] (300 per celi) was representative
for thymocytes of different sizes Therefore, the binding capacity of a thymocyte
suspension with a low fraction of large thymocytes was measured Furthermore, it
was possible to produce a cell fraction with a large enrichment of plasma membrane
constituents, and thus to see if prostaglandin E; binding sttes are assoctated with the
plasma membrane The higand specificity of whole cells was studied by displacement
of prostaglandin E, with different prostaglandins, prostaglandin derivatives and
antagonists During this work prostaglandin synthetase inhibitors were applied and
this led to the observation that indomethacin as well as other non-sterotdal anti-
inflammatory drugs were able to block the binding of prostaglandm E; to thymo-
cytes

Part of this work has been reported in the proceedings from The International
Conference on Prostaglandins, Florence, May 1975

MATERIALS AND METHODS

Chemicals

[5, 6-*H,]Prostaglandin E,, 860, 59 1 and 59 0 Ci/mmol was supplied by
Amersham, England Non-radioactive prostaglandin E, E,, F; and A, were given by
Dr Pike, Upjohn Co, Kalamazoo, Mich USA, nor-prostaglandin E; and homo-
prostaglandin E; by Dr van Dorp, Unilever Research Laboratorium, Vlaardingen,
Holland, 7-oxa-13-prostynoic acid by Dr Fried, University of Chicago, Chicago.,
USA and polyphloretinphosphate by Dr Hogsberg AB Leo, Halsingborg, Sweden
The radioactive compounds were purtfied by thin-layer chromatography on silica gel
(solvent system 1[13]) before use, while the non-radioactive compounds were used
without further purification 15-Keto-prostaglandin E,; was produced by the method
of Attenborrow et al [14], and the oxim of prostaglandin E; was made according to
Pike et al [15] Both compounds were purified 1n the same way as the radioactive
prostaglandm E; The methyl-, butyl- and isobutylesters and the butylamide of
prostaglandin E, were prepared by the mixed anhydride method described by Bojesen
and Bukhave [13] The methyl ester, analysed on thin-layer chromatography (solvent
system I[13]), showed only one single compound with an Ry value of 0 54, whereas
the methyl ester of prostaglandin A; was shown to have an Ry value of 075 Prosta-
glandin B, was synthesized by incubatmg prostaglandin E, in 005 M NaOH for | h
at 37'C
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Indomethacin from Dumex, Copenhagen, salicylic acid from British Drug
House and acetylsalicylic acid from Mecobenzon, Copenhagen were used as supplied
without purification

Experimental procedures and analyses

The binding experiments with thymocytes were performed in the following
way as previously described by Schaumburg [12] Young female rats (Sprague-
Dawley, 120-130 g) were decapitated, and the thymi removed and cooled at 4 °Cin a
modified Krebs-Ringer phosphate buffer [i2] The suspension of thymocytes was
obtained by mincing the thymu at 4 °C, whereupon the cells were gently washed three
times During the incubation period the suspension of thymocytes 1 Krebs-Ringer
phosphate buffer was gently stirred After the incubation the cells were 1solated by
centrifugation 1 polypropylene microtest tubes through a layer of silicone o1l By
this technique a cell pellet containing as hittle as 10 94 (v/v) incubation medium was
obtamed [16] The radioactivity of the pellet was determined by cutting the test tube
and dropping the tube section into the scintillation vials contamming scintillation
liquid {12] The mcubated number of cells was determined as described [12]

Removal of large thymocytes from a thymocyte suspension The large thymo-
cytes were removed from the thymocyte suspension by filtration through a column of
glass beads (diameter = 90 um), as described by Shortman [17], at 4 °C and with a
flow rate of 10 mi/h, using a modified Krebs-Ringer phosphate buffer [18] (pH 7 4)
contamming 0 45 % bovine serum albumin as medium

The number of cells was counted 1n a Fuchs-Rosenthal chamber (depth
0200 mm) Daifferential counting of small and large thymocytes was done with a
phase contrast microscope on unfixed cells The numbers counted corresponded to a
standard error of less than 4 9, The viability of the cells was estimated by the fraction
coloured after 5 min by 19 eosin (w/v) in Krebs-Ringer phosphate contaming
0 45 ¢, bovine serum albumin

Preparation of a plasma membrane-enriched fraction The washed cells were
resuspended 1n 0 20 M sucrose plus 3 mM CaCl, and homogenized with ten strokes
in a Potter-Elvehjem homogemizer 2 5 ml of the homogenate, adjusted to 1sotonicity
(025M—3mM CaCl,), was layered on top of the two-layer sucrose gradient,
generally used to separate smooth and rough membranes [19] (1 0 ml 2 0 M sucrose +
3mM CaCl, and 15ml 13 M sucrose+3mM CaCl,) After centrifugation for
90 min at 90 000 x g, the band at the interface between 0 25 M sucrose and 1 3 M
sucrose was collected, diluted 5-fold with buffer (according to volume) and centrifuged
at 105000 xg for 60 min The pellet containing the membranes was suspended 1n
Krebs-Ringer phosphate buffer The protein in the pellet amounted to 0 7540 02 %
of the protein content of the starting material The enrichment of the plasma mem-
brane marker, 5'-nucleotidase (EC 313 5), in the pellet was determined by Sigma
Kit (No 675-PB) The ratio of the specific activities of the cytoplasmatic enzyme,
lactate dehydrogenase (EC 111 27), in the pellet and the homogenate was deter-
mined using a Biochemica Test Combination for ultraviolet determination of this
enzyme (Cat No L5977)

Binding experiments with the membrane fraction The plasma membrane-
enriched fraction (350450 ug protein/ml) suspended in Krebs-Ringer phosphate
buffer was incubated with radioactive prostaglandin E, 1n a thermostated water bath
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at 22 -C for various times The membranes of 100 ul incubate were separated from
the medium on 0 2 um Metricel membrane filters (Gelman) and washed with 2 ml
buffer The filters absorbed 0 3 “, non-protein-bound [*H]-prostaglandin E, The
filters were placed 1n scintillation vials containing the same scintillation liquid as used
in the experiments with whole cells [12]

The protein content of the incubate was estimated by the method of Lowry

et al [20]

Defiutions and calculations

The amount of radioactivity taken up by the cells divided by the amount of
radioactivity in the same volume of incubation medium was named Q [I8] The Q
value of the high affinity bound prostaglandin E, 1s the difference between the Q
value found at low medium concentration of prostaglandin E, and that of high me-
drum concentration [18]

The K, and K, values were calculated erther by non-linear regression analysis
of the plots, using the general method described by Marquardt [21], or by linear
regression analysis of the corresponding Hanes [22] plots

RESULTS

Specificity of the prostaglandin E| binding sites

The maximal Q value of the saturable binding sites 1s obtained as the difference
between the total Q value at 107'% M prostaglandin E; and the Q value found at
107® M prostaglandin E;, This formalism 1s based upon the assumption that the Q
value of the unsaturable accumulation 1s independent of the concentration Along

TABLE |

ANALYSIS OF THE SPECIFICITY OF THE PROSTAGLANDIN E; HIGH AFFINITY
BINDING SITES OF RAT THYMOCYTES AT 37 °C

The apparent K, values for the different analogues and antagonists shown below were medsured
after 30 min mcubation of the thymocyté suspenston with 107'% M radioactive prostaglandin E;
at various concentrations of the tested compound The affinity relative to prostaglandin E; 1s given
as Ky/Ki (Kg — 2 107° M)

Compound Kq' Ky Assayed concentration range (M)

Prostaglandin E, 1 48 107'295 10°°
Methyl ester of prostaglandin E, 008 15 10°'"'-90 107~
Butyl ester of prostaglandin E, 01 59 107'2-11 10°°
Isobutyl ester of prostaglandin E; 001 15 10710 10~°
Butylamide of prostaglandin E, 0 002 48 107'2-80 1077
15-keto-prostaglandin E; 009 66 107'2-12 10°°
Nor-prostaglandin E, 05 50 107'2-88 1077
Homo-prostaglandin E, 04 54 10°'2-95 1077
Prostaglandin B, 0 004 35 1072 =50 107
Prostaglandin A, 001 16 1078 -12 10°°
Prostaglandm F, 002 10 107'%10 10-7
Prostaglandin E,-oxim 0l 62 10°'2-11 10-°
7-oxa-13-prostynoic acid 0 0002 18 107'%96 10 °

15 1071279 10~

Polyphloretin phosphate 0002
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with a common estimation of the Q value for the unsaturable binding (107°* M
prostaglandin E; in the medium) the total maximal Q value was measured after
30 min incubation at 37 °C with 107'° M [*H]prostaglandin E, n the medium
together with different concentrations of analogues and antagonists as shown in
Table 1

The apparent K, values of the analogues and antogonists, calculated on the basis
of the assumption that the mhibition 1s competitive, are shown together with the
inhibrtor concentrations in Table I Apparently the substituents in both the ring and
the side chains are of great importance for the affinity A double bond 1n one of the
side chains (as in prostaglandin E,) and the length of the alkyl side chain (as in nor-
and homo-prostaglandin E,) are on the other hand less important The two antago-
nists, 7-oxa-13-prostynoic acid and polyphloretin phosphate are not bound to the
high affimity binding sites of the thymocytes in the assayed concentration ranges It
can be concluded that the binding sites for prostaglandin E, in rat thymocytes possess
a high degree of specificity

Binding experiments with a thymocyte suspension with a lowered amount of large
thymocytes

The filtration of cells through the column of glass beads does not damage the
recovered cells, since an unaltered fraction of the cells was coloured by eosin (4 8
+059 versus 45406 9) Before and after filtration the small thymocytes con-
stituted 86 4409 % and 92 6409 9, respectively, of the cell suspension From this
1t 18 evident that two times more of the large thymocytes than of the whole cell popula-
tion are lost through passage through the column, the yield of which was about 10 %
The maximal Q value of the saturable binding sites remains, however, unchanged
(Table IT) Thus 1t 1s not only the large thymocytes that has the saturable prosta-
glandin E, binding sites The possibility that large thymocytes are unable to bind
prostaglandin E; with high affinity 1s not excluded by the data, because of the low
fraction of these cells

TABLE 11

PROSTAGLANDIN E; HIGH AFFINITY BINDING OF THE THYMOCYTE SUSPENSION
AT 4 °C BEFORE AND AFTER REMOVAL OF A FRACTION OF THE LARGE THYMO-
CYTES

The maximal Q value of the saturable binding (+S E ) was estimated as the difference between the
total Q value found at 10~'® M radioactive prostaglandin E, and the Q value found with 10~ M
unlabelled and 10~1° M labelled prostaglandin E; 1n the medium after incubation for 30 min The
values are corrected for differences in cell number 1n the two populations

Experiment No Maximal Q value Concentration of
R —— — - rostaglandin E; (M
Generally used Thymocyte suspension P glandin E; (M)
thymocyte suspension  with reduced number of

large cells

1 038240110 033840090 45 10-1'°

2 035340043 047340 040 23 10-1'°

3 028440024 029940026 38 10°1t°

4 037340159 0 40840 031 30 1010
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Fig | Inhibition of the equilibrium uptake of [*Hlprostaglandin E, by indomethauin after in-
cubation for 130 min at 4 C n the absence and presence of 37 10-¢ M prostaglandin E; The
curve shown 1n the figure appears as the difference between these two expertments ( +SE ) The
maximal Q value of the [*H]prostaglandin E, equiltbrium uptake in the absence of indomethacin was
also estimated (@)

The effect of non-sterordal antunflammatory drugs on the binding of prostaglandin E
to thymocytes

When thymocytes were mncubated for 30 muin at 4 “C m Krebs-Rmger phos-
phate buffer with a low concentration of [*H]prostaglandin E; (107 '° M), the cellular
accumulation of this compound could be imnhibited by the addition of indomethacin
m different concentrations, as shownn Fig 1 In three experiments the mean 50 ¢, in-
hibition was obtained with an indomethacin concentration of 36 107°4-12 107°M
Higher concentrations of the related drugs acetylsalicylate (2 10~? M) and sahicylate
(29 1073 M) also gave a 50 %, inhibition in similar experiments

In Fig 2 are shown the results from two equilibrium experiments with various
concentrations of prostaglandin E, in the presence or absence of 6 7 107 * M indo-
methacin In the presence of indomethacin, the dissociation constant for the high
affinity binding sites was increased from 95 107'%to 45 107° M, and the calcu-
lated number of binding sites per cell also increased from 10 10" °to21 107° M.
showing that the effect of indomethacin 1s quite complex This 1s further emphasized
by the observation that the unsaturable, low affinity binding of [*H]prostaglandin E,
1s increased about 10 °;, in the presence of indomethacin

Binding of prostaglandin E, to a plasma membrane-enriched fraction

The specific and total activity of 5°-nucleotidase and lactate dehydrogenase
1n the membrane fraction and the homogenate are shown in Table I1I It appears that
the specific activity of 5'-nucleotidase 1s 40-50 times greater m the membrane fraction
than in the homogenate The membrane fraction 1s only slightly contamnated with
the cytoplasmic enzyme (0 2-0 3 °; of the total activity)
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The rate of uptake of [*H]prostaglandin E; in thymocyte membrane fragments
was followed by removing aliquots from shaken homogeneous incubate (22°C) and
measuring the radioactivity of the fragments collected and washed on a filter as

12k
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log [Prostqglqndm Ea]

Fig 2 The equlibrium uptake of 8 3 10~ '* M [3H]prostagiandin E, was measured as a function
of the concentration of non-radicactive prostaglandin E; in absence (O) and presence (@) of
67 10”3 M mdomethacin after 130 min incubation at 4 “C It appears from the curve (+SE)
that the non-saturable low affimity binding of prostaglandin E, 1s higher 1n the experiment with
indomethacin than in the one without this drug

TABLE 111

SPECIFIC AND TOTAL ACTIVITY OF 5-NUCLEOTIDASE AND LACTATE DEHY-
DROGENASE IN THE HOMOGENATE AND THE MEMBRANE FRACTION OF RAT
THYMOCYTES

The specific activity of 5’-nucleotidase 1s given as umol P; formed/h per mg protein, and the specific
activity of lactate dehydrogenase 1s expressed as munits per mg protein The values in the table are
from two different experiments

5’-Nucleotidase Lactate dehydrogenase
Homogenate Membranes Homogenate Membranes
Specific activity 030 121 159 5 660
014 73 2415 820
Total activity (%) 100 30 100 03

100 40 100 02
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Fig 3 The uptake (+ SE) of 11 107'® M [*H]prostaglandin E, by the plasma membrane
fraction of rat thymocytes was measured in the absence (@) and presence () of 31 107° M un-
labelled prostaglandin E, at 22 C

described For each incubation pertod, duplicates could be processed within 45s 1t
was expected that this technique, in contrast to that used for whole cells, would
eliminate the contribution of any low affimity unsaturable binding, since 1t included
washing of the fragments However, the membranes incubated with high concentra-
tions of prostaglandin E, showed a rapid uptake of trittum, which was not washed
out on the filters At low concentrations (10~ 1% M) a similar instantaneous uptake of
irreversibly bound radioactivity took place, resulting in a 2-3 times higher uptake

102« cpro/ Hg protew

S
0 10 20 30 40 50
Displacement (min)

Fig 4 Time course of the displacement of plasma membrane-bound [*H]prostaglandin E; The
membranes were preincubated for 60 min with 11 107'° M radioactive prostaglandin E, 1n pres-
ence () and absence (@) of 31 10-% M unlabelled prostaglandin E; at 22 "C, and the uptake
of radioactivity was determined Thereupon, unlabelled prostaglandin E, was added to the incu-
bation muxtures, so that the final concentration of non-radioactive prostaglandin E; became 3 |
10-% M The time course of the displacement (=S E ) was followed by taking aliquots of the mem-
brane suspensions at different times
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Only at low concentrations this rapid irreversible binding was succeeded by a slow
accumulation, which reached a constant level after 60 min, thus showing a time
constant similar to that of the high affinity binding sites of whole cells By applica-
tion of linear regression analysis, an mitial rate of uptake could be calculated
Ut 1 10-10 M prostaglandin ) = 1 6 1071° mol/ug protem per min That a large part of
this slowly accumulated radioactivity was reversibly bound prostaglandin E; was
revealed by the displacement data shown in Fig 4

The rate of displacement was determined by the same techmique after addition
of a high concentration of prostaglandin E; (10"® M) to the medium containing
membrane fragments preincubated for 60 mun with 107'°® M [*H]prostaglandin E,
Fig 4 shows the results of this expertment A relatively large fraction (50 %) of the
radioactivity bound to membranes incubated with 107'® M [*H]prostaglandin E,
was 1rreversibly absorbed or metabolised prostaglandin E, , since it was not displaced
by high concentrations of prostaglandin E, in the medium This phenomenon 1s quali-
tatively 1n agreement with the observation in the association experiment, showing
that some rapidly bound tritium-labelled compounds could not be washed out of the
membranes The rate constant of displacement, calculated on basis of this experiment,
15018 min~! and ¢, = 4 min

Since the irreversibly bound tritiated compounds must also have been produced
and accumulated in the membrane fraction in the association experiment with 1071 M
prostaglandin E,, the initial rate of uptake of reversibly bound prostaglandin E,
has been somewhat slower than indicated 1n Fig 3

An attempt was made to determune a dissociation constant (K,) by equih-
brating the membranes for 60 min at 22 °C with various concentrations of prosta-
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log [Prostoglandm EJ

Fig 5 Equlibrium uptake of 96 107 !' M [*Hlprostaglandin E, by rat thymocyte, plasma
membranes at various concentrations of unlabelled prostaglandin E; at 22 °C The uptake 1s ex-
pressed as the concentration ratio Q (cpm per ug protemn/cpm per #l medium) +S E (O) The @
values at 3 107° and 1 10~'° M prostaglandin E, calculated from the displacement data ((m)}
and the Q valuesat3 10~¢and 1 10~!° M prostaglandin E, corrected for the rrreverstble binding
on basis of the displacement experiment (M) are also ndrcated in the figure
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glandin E; (107''~107° M) The data are presented in Fig 5 and an apparent k,
value of 3 107 ® M fits the data fairly well However, the data must be corrected for
the irreversibly bound compounds revealed by the displacement experiment Such a
correction can be performed on the basis of the displacement experiment, provided
the ratio between reversible and irreversible binding i1s dependent only on the concen-
tration of prostaglandin E, in the medium and the incubation time The ratio was.
however, only measured at 10~ '° M prostaglandin E, , and 1t 1s therefore not possible
to calculate a K, value of the reversible high affinity binding The calculated Q value
of reversibly bound prostaglandin E, at 107'% M1s shown in Fig 5 The tritium activ-
1ty remaimning in the membrane fraction after incubation with a high concentration of
prostaglandin E; (107° M) in the displacement experiment (Fig 4) 15 probably
irreversibly bound, since the membranes were washed on the filter The Q values at
3 107%and | 107'° M prostaglandin E, measured in the displacement experiment
are 1n agreement with the Q value observed in the equilibrium expertment at | 107'°
M and the Q value obtained by extrapolation of the equilibrium datato 3 10°°M

This indicates that the concentration-dependent irreversible accumulation of labeiled
compounds, apparent from the data of the displacement experiment, have been about
the same n the two types of experiments

DISCUSSION

The low dissociation constant, as well as the specificity of the high affinity
binding stites of rat thymocytes for prostaglandin E, (and E, ), suggests that these sites
have a receptor function In both respects they have similar properties to the prosta-
glandin binding sites on presumptive targets cells [2, 5-8], only with the difference
that in thymocytes the methyl ester has an at least 10-fold lower affinity than prosta-
glandin E; The two compounds have been reported to have nearly the same affinities
to presumptive targets such as liver cell membranes [6], uter1 [2] and membranes of
adipocytes [7] (Table 1V) The information available does not, however, exclude the
possibility that the difference 1s due to the presence of esterases in such membrane
preparations

Compared with well defined hormone receptors {18, 25] the number of prosta-
glandin E, high affinity binding sites per thymocyte is low (about 300) [12] The
possibihty that only the small fraction of large thymocytes 1s responsible for the whole
binding capacity was ruled out by the observation that preparations of thymocytes
considerably depleted of large thymocytes and the original preparations had nearly
identical binding capacities per cell

Two recent reports strongly suggest that the high affinity binding sites of
thymocytes are indeed functioning as receptors Ishizuka et al [26] have found that
very low concentrations of prostaglandins E, (3 107 '2 M) enhance the antibody
formation 1n spleen cells in vitro More conclusive, however, 1s the report of Bach
and Bach [27] Under condittons where the T-cell characteristics of the rosette-
forming spleen cells are at a low level, this can be normalized by prostaglandm E,
n vitro in a dose-dependent fashion, as would be expected from the dissociation con-
stant of the binding sites Moreover, the authors claim that prostaglandin E, (and E,)
mimucs the effect of a thymuc polypeptide in generating T-cell characteristics of spleen
cells from the thymus-deficient mice strain Nu-Nu That the high affimty binding sites
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of thymocytes are closely related to such effects of prostaglandins on thymus-derived
and splenic precursor cells 1s further supported by the observation that indomethacin
inhibits the effects of prostaglandin E,, since this drug, according to the present work
inhibits the binding of the prostaglandin to thymocytes

In the studies of Schaumburg [12] indomethacin was added in low concentra-
tions to the incubation medium in order to imhibit any potential prostaglandin
production By increasing the concentration to 10 ° M a pronounced mhibitton of
the high affinity binding of prostaglandin E; was noticed Although hgand competi-
tion plays a part, attempts to clarify the mechanism in detail were unsuccessful since
the drug also increased the low affinity accumulation of tritiated compounds in the
cells Unpublished data suggest that this mcreased “*noise level™ is not due to metabo-
lites, but to the prostaglandin itself Thus the drug may enhance the permeability of
some cellular compartments to which the prostaglandins normally have no access

Thymocytes and splenic T-cells are not unique with regard to the binding and
effects of prostaglandin E, being immhibited by indomethacin Thus Rao [5] has
reported that 14 10”*M indomethacin blocks 43 °, of the prostaglandin E,
binding capacity of cell membranes from corpus luteum Others [28] have found that
low concentrations of indomethacin inhubit the prostaglandin effects on rat uterus
(5 107° M) and on guinea pig tleum (7 10~ ° M) Thus the phenomenon may be
quite general These effects of indomethacin are reproduced by higher concentrations
of other members of the famuly of aspirin-lhike drugs, in an analogous manner to the
effect of mdomethacin on the synthetase [29-31] and the 15-hydroxyprostaglandin
dehydrogenase from lung tissue [32] Since the synthetase is only slightly more sen-
sitive to this famuly of drugs than the two other systems 1t 1s attractive to propose a
common mechamsm for all three drug effects According to Gryglewsk: [33] the
effects of synthetase inhubitors, including the weak inhibitors lauryl sulphate and
myristate, may be understood to some extent on the basis of ligand competition,
provided that the enzyme-bound substrate has a conformation closely resembling the
“hair-pin™ model of arachidonic acid Thus assumption 1s not invahidated by the recent
demonstration that this conformation 1s not the generally favoured one [34] Since
the prostaglandins can be regarded as long chain fatty acids in a * locked hair-pm™
conformation, the hypothests of Gryglewsk: implies that the same drugs which block
the synthetase also mhibit the reactions in which the prostaglandins are the ligands.,
although perhaps at somewhat higher concentrations This seems actually to be the
case The high affintties and specificities of receptors could then be due to cooperative
effects between such features of the binding sites which they share with the synthetase
and group as well as stereospecific loci

Our attempts to localize the high affinity binding sites to the plasma membrane
have not resulted 1n an unambiguous conclusion although the membrane preparation
was probably rather pure A high degree of purity is inferred from the enrichment
factor of 5-nucleotidase (about 40) and the good recovery (30-40°,) from the
homogenate since others [35, 36] have shown that this enzyme 1s mainly if not entirely
present in this organelle of lymphocytes They showed that the enrichment factors of
the enzyme and surface antigens were nearly 1dentical and a httle lower than in our
preparation, in agreement with the higher specific activity of the enzyme More
recently, another group [37] has obtained a plasma membrane preparation similar
to ours with regard to the specific activity of the enzyme Although 1t was possible
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to show that the membrane preparation contained reversible binding sites, a rather
large degree of irreversible binding prevented direct calculation of the dissociation
constant From the Q value of the reversibly bound prostaglandin E, at a low medium
concentration (107!° M) the number of reversible binding sites per mg protein can
be calculated by assuming that the dissociation constant 1s the same for the membranes
and for cells at the same temperature (1 1 1072 M) [12] Computed 1n this way the
membrane preparation was not enriched at all with regard to the binding sites How-
ever, the concentration dependence of the total Q values including the irreversibly
bound radioactivity (Fig 5) 1s more compatible with a much higher dissociation
constant, provided the concentration dependencies of reversible and irreversible
bindings are not very different A K, value of 3 1078 M will then be in harmony
with both the binding curve (Fig 5) and the enrichment factor for the enzyme marker
Thus the data are compatible with a localization 1n the plasma membrane provided the
same binding sites have a much higher dissociation constant for the same hgand 1n
the 1solated membrane fragments, than in situ We have concluded that the question
of whether or not the high affinity binding sites of the thymocytes are confined to the
plasma membrane cannot be answered unambiguously by the approach we have
chosen and 1s still an open one

REFERENCES

Moore, W V and Wolff, J (1973) J Biol Chem 248, 5705-5711

Wakeling, A E and Wyngarden, L J (1974) Endocrinology 95, 55-64

McDonald, J W and Stuart, R K (1974) J Lab Chn Med 84, 111-121

Gorman, R R (1974) Prostaglandins 6, 542

Rao, C V (1974) Prostaglandins 6, 313-328

Smugel, M and Fleischer, S (1974) Biochim Biophys Acta 332, 358-373

Gorman, R R and Miller, O V (1973) Biochim Biophys Acta 323, 560-572

Kuehl, F A and Humes, J L (1972) Proc Natl Acad Sa US 69, 480-484

Butcher, R W and Baird, C E (1968) J Biol Chem 243, 1713-1717

Johnson, M , Jessup, S and Ramwell, P W (1974) Prostaglandins 6, 433-449

Franks, D J, McManus, J P and Whitfield, J F (1971) Biochem Biophys Rcs Commun 44,

1177-1183

12 Schaumburg, B (1973) Biochim Biophys Acta 226, 127-133

13 Bojesen, E and Bukhave, K (1972) Biochim Biophys Acta 280, 614-625

14 Attenburrow, J , Cameron, A F B, Chapman, H, Evans, R M, Hemns, B A, Jansen, A B A
and Walker, T (1952) J Chem Soc Lond 1094-1111

15 Pike, J E, Lincoln, F H and Schneider, W P (1969) J Org Chem 34, 3552-3557

16 Andreasen, P, Schaumburg, B, @sterlind, K, Vinten, J, Gammeltoft, S and Gliemann, J
(1974) Anal Biochem 59, 610-616

17 Shortman, K (1966) Aust J Biol Med Sc 44, 271-286

18 Schaumburg, B and Bojesen, E (1968) Biochim Biophys Acta 170, 172-188

19 Morre, D J (1973) 1n Molecular Techmques and Approaches in Developmental Biology
(Crispeeis, M J, eds ,), pp 1-27,J Whiley and Sons, New York

20 Lowry, O H, Rosebrough, N J, Farr, A L and Randall, R J (1951) J Biol Chem 193, 265—
275

21 Marquardt, D W Share Program EID NLIN2, distribution No 3094

22 Hanes, C S (1932) Biochem J 26, 14061421

23 Rao, C V (1973) Prostaglandins 4, 567-576

24 Soloff, M S, Morrison, M J and Swartz, T L (1973) Prostaglandins 4, 853-861

25 Gammeltoft, S and Gliemann, J (1973) Biochim Biophys Acta 320, 16-32

26 Ishizuka, M, Takeuch:, T and Umezawa, H (1974) Experientia 30, 1207-1208

—_ O V0NN RAEWN -

—



378

27

28
29
30

31
32
33

34
35
36

37

Bach, M -A and Bach, J-F (1974) Prostaglandin Synthetase Inhibitors, (Robinson, H J and
Vane,J R, eds), pp 241-248, Raven Press, New York

Sorrentino, L , Capasso, F and DiRosda, M (1972) Eur J Pharmacol 17 306-308

Vane, J R (1971) Nat New Biol 231, 232-235

Tomhnson, R V, Ringold, H J, Qureshi, M C and Forchiell, E (1972) Brochem Biophys
Res Commun 46, 552-559

Flower, R J, Cheung, H S and Cushman, D W (1973) Prostaglandins 4, 325-341]

Hansen, H S (1974) Prostaglandins 8, 95-105

Gryglewsk:, R J (1974) Prostaglandin Synthetase Inhtbitors, (Robinson, H J and Vane R J
eds), pp 33-52, Raven Press, New York

Van Dorp, D A (1974) Pure App! Chem 38, 117136

Allan, D and Crumpton, M J (1970) Biochem J 120, 133-143

Ferber, E , Resch, K , Wallach, D F H and Imm, W (1971) Biochim Biophys Acta 266, 494
504

Misra, D N, Gul, T J and Esters, L W (1974) Biochim Biophys Acta 352, 445-468



