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SUMMARY 

Great specificity is demonstrated for the prostaglandm E l high affinity binding 
sites of rat thymocytes Whereas prostaglandm E 2 has the same affinity as prostaglan- 
din El, 13 other prostaglandln derivatives and antagonists are bound with 2-1000 
times smaller affinities 

50 ~o xnhlbltlOn of the h i g h  affinity binding of prostaglandln E~ to rat thy- 
mocytes is demonstrated for three non-steroidal antnnflammatory drugs, lndometh- 
acre (3 6 10 -s  M), salicylic acid (2 9 10 -3 M) andacetylsahcyhc acid (2 10-2M) 
The low affinity binding of prostaglandin E 1 is enhanced by the same concentra- 
tion of lndomethacln, however, to a lesser degree and more variable than the inhibi- 
tion of the high affinity binding of prostaglandln E 1 

Like intact cells a 50-fold purified plasma membrane fraction, isolated from a 
homogenate of rat thymocytes, shows reversible high affinity binding of prostaglandm 
E l as well as irreversible binding of unidentified tritlated compounds The binding 
data are compatible with a localization in the plasma membrane of high affinity sites 
for reversible binding with a considerably higher dissociation constant than that found 
for whole cells Their ldentlt~ remains to be demonstrated 

INTRODUCTION 

The presence of a limited number of high affinity binding sites for prosta- 
glandln E 1 has been found in a number of t~ssues supposed to be targets for this 
substance, such as the thyroid gland [l], uterus [2], blood platelets [3, 4], corpus 
luteum [5], hver [6] and adlpocytes [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, in order to give half 
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maximal activation of the adenylate cyclase bystem, the prostaglandm must be 
present m a concentration 100- to 1000-fold the amount that saturates the binding 
sites half maximally, suggesting that the adenylate cyclase system is not involved 
These &screpancles show that the biological slgmficance of these binding sites ~ 
not yet clear 

The thymocytes are apparently an example of cells, where binding affinlt? and 
activation of the adenylate cyclase system are &ssocmted, since the half maximal effect 
of prostaglandm Et on the enzyme is obtained at 10-7-10 -6 M [11 ], whereas Schaum- 
burg [12] has demonstrated half maximal saturation of the high affinity binding sites 
at 10 -9 M at 37 :C The present studies were camed out as a continuation of these 
binding studies, assuming that more reformation 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 cell) was reprebentati,e 
for thymocytes of dzfferent s~zes Therefore, the binding capacity ol a thymocyte 
suspension w~th 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 prostaglandm E~ binding sites are associated ~ t h  the 
plasma membrane The llgand specificity of whole cells was studied b) &splacement 
of  prostaglandm E~ w~th different prostag[andms, prostaglandm derlvatl~e~ and 
antagomsts During this work prostaglandm synthetase mh~b~tors were applied and 
this led to the observation that mdomethacm as well as other non-steroidal ant~- 
inflammatory drugs were able to block the binding of prostaglandm E~ to thymo- 
cytes 

Part of this work has been reported m the proceed,ngs from The International 
Conference on Prostaglandms, Florence, May 1975 

MATERIALS AND METHODS 

Chemwals 
[5, 6-3H2]Prostaglandln El ,  86 0, 59 1 and 59 0 Cl/mmol was supphed b3 

Amersham, England Non-ra&oactlve prostaglandln El, Ee, F1 and A j were g~ven by 
Dr P~ke, Upjohn Co ,  Kalamazoo, Mlch USA, nor-prostaglandm El and homo- 
prostaglandm E1 by Dr van Dorp, Umlever Research Laboratorlum, Vlaardmgen, 
Holland, 7-oxa-13-prostynolc acid by Dr Fried, University of Chicago, Chicago, 
USA and polyphloretmphosphate by Dr Hogsberg AB Leo, Halsmgborg, Sweden 
The radioactive compounds were purified by thin-layer chromatography on slhca gel 
(solvent system 1113]) before use, while the non-radzoactlve compounds were used 
without further purification 15-Keto-prostaglandln Et was produced by the method 
ofAt tenborrow et al [14], and the oxlm of prostaglandln E t was made according to 
Pike et al [15] Both compounds were purified m the same way as the radioactive 
prostaglandm E1 The methyl-, butyl- and lsobutylesters and the butylamlde ot 
prostaglandm E1 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 RF value of 0 54, whereas 
the methyl ester of  prostaglandln A~ was shown to have an R v value of  0 75 Prosta- 
glandm B 1 was synthesized by incubating prostaglandln E~ m 0 05 M NaOH for 1 h 
at 37 'C 
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Indomethacln from Dumex, Copenhagen, sahcyhc acid from British Drug 
House and acetylsahcyhc acid from Mecobenzon, Copenhagen were used as supphed 
w~thout purification 

Expertmental 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 thyml removed and cooled at 4 °C in a 
modified Krebs-Rmger phosphate buffer [12] The suspension of thymocytes was 
obtained by mincing the thyml at 4 °C, whereupon the cells were gently washed three 
times During the incubation period the suspension of thymocytes in Krebs-Rmger 
phosphate buffer was gently stirred After the incubation the cells were isolated by 
centrlfugat~on in polypropylene mlcrotest tubes through a layer of Sdlcone od By 
this technique a cell pellet containing as httle as 10 °/ ~o (v/v) incubation medium was 
obtained [16] The radioactivity of the pellet was determined by cutting the test tube 
and droppmg the tube section into the scmtdlatlon vials containing scintillation 
hquld [12] The mcubated number of cells was determined as described [12] 

Removal of  large thymocytes from a thymocyte suspenswn The large thymo- 
cytes were removed from the thymocyte suspension by filtration through a column of 
glass beads (&ameter ----- 90 Itm), as described by Shortman [17], at 4 °C and with a 
flow rate of 10 ml/h, using a too&fled Krebs-Rmger phosphate buffer [18] (pH 7 4) 
containing 0 45 % bovine serum albumin as medmm 

The number of cells was counted in a Fuchs-Rosenthal chamber (depth 
0 200 mm) Differential counting of small and large thymocytes was done with a 
phase contrast microscope on unfxed cells The numbers counted corresponded to a 
standard error of less than 4 % The wabfllty of the cells was eshmated by the fraction 
coloured after 5 man by 1 ~o eosm (w/v) m Krebs-Rlnger phosphate containing 
0 45 Io bovine serum albumin 

Preparatton of a plasma membrane-enriched fractwn The washed cells were 
resuspended in 0 20 M sucrose plus 3 mM CaClz and homogenized with ten strokes 
m a Potter-Elvehlem homogemzer 2 5 ml of the homogenate, adjusted to lsotomoty 
(0 25 M--3 mM CaCI2), 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+ 
3 mM CaC12 and 1 5 ml 1 3 M sucrose+3 mM CaC12) After centrifugatlon for 
90 mm at 90 000 ×9, the band at the interface between 0 25 M sucrose and 1 3 M 
sucrose was collected, dduted 5-fold with buffer (according to volume) and centrifuged 
at 105 000 x# for 60 mm The pellet contamang the membranes was suspended in 
Krebs-Rmger phosphate buffer The protein m the pellet amounted to 0 75±0 02 % 
of the protein content of the starting materml The enrichment of the plasma mem- 
brane marker, 5'-nucleotldase (EC 3 1 3 5), in the pellet was determined by Sigma 
Kit (No 675-PB) The ratio of the specific activities of the cytoplasmatlc enzyme, 
lactate dehydrogenase (EC 1 1 1 27), m the pellet and the homogenate was deter- 
mined using a B~ochemlca Test Combination for ultrawolet determination of th~s 
enzyme (Cat No L5977) 

Bmdmy expertments wtth the membrane fractton The plasma membrane- 
enriched fraction (350--450/~g protem/ml) suspended m Krebs-Rlnger phosphate 
buffer was incubated with ra&oactlve prostaglandm E~ m a thermostated water bath 
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at 22 ~C for various times The membranes of 100/d incubate were separated from 
the medmm on 0 2/ tm Metncel membrane filters (Gelman) and washed with 2 ml 
buffer The filters absorbed 0 3",, non-protein-bound [3H]-prostaglandm El The 
filters were placed m scmtdlatlon wals containing the same scmtlllatmn hqmd as used 
m the experiments with whole cells [12] 

The protein content of the incubate was estimated by the method of Lowry 
et al [20] 

Defimttons and calculations 
The amount of radloactwlty taken up by the cells divided by the amount of 

radloactwlty m the same volume of incubation medmm was named Q [18] The Q 
value of the high affimty bound prostaglandm E 1 is the difference between the Q 
value found at low medium concentratzon of  prostaglandln E~ and that of  h~gh me- 
dram concentration [18] 

The K d and K, values were calculated e~ther by non-linear regression analys~s 
of the plots, using the general method described by Marquardt [21], or by hnear 
regression analysis of the corresponding Hanes [22] plots 

RESULTS 

Spec~ctty of the prostaglandm E I binding sites 
The maximal Q value of the saturable binding sites is obtained as the d~fference 

between the total Q value at 10 -~° M prostaglandln E~ and the Q value found at 
10 - 6  M prostaglandm Ej This formahsm is based upon the assumption that the Q 
value of the unsaturable accumulation ~s independent of the concentration Along 

TABLE I 

ANALYSIS  OF THE SPECIFICITY OF THE P R O S T A G L A N D I N  Et H I G H  AFF1NIT*~ 
B I N D I N G  SITES OF RAT T H Y M O C Y T E S  AT 37 °C 

The apparent K, values for the different analogues and antagomsts shown below were measured 
after 30 mln incubation of  the thymocytd suspension wnh 10-~° M radloactwe prostaglandm Et 
at various concentrations of  the tested compound The affimty relatwe to prostaglandm E~ ~s gtven 
as Ka/Kt (Ku -- 2 10 -9 M) 

Compound  KdlIG Assayed concentration range (MI 

Pros tag landmE2 I 4 8  10-~2-95 10 6 
Methyl ester o fp ros tag land lnE~ 008  15 10- j~-90 10-" 
Butyl ester of  prostaglandm E1 0 I 5 9 10-~2-1 I 10-" 
l s o b u t y l e s t e r o f p r o s t a g l a n d m E ~  001 1 5 1 0 - ~ - I  0 10 -6 
Butylamlde o fp ros tag landm El 0 002 4 8 10-~z-8 0 10 7 
15-keto-prostaglandmEl 009  6 6  10-~2-1 2 l0 -6 
Nor -p ro s t ag l andmEl  05  50  10-~2-8 8 10 ~ 
Homo-pros taglandm Et 0 4 5 4 10- ~2-9 5 10-v 
Prostaglandm B~ 0 004 3 5 10 - 9  --5 0 10 -~" 

Pros t ag landmAl  001 I 6 10 -a  -1 2 10 - s  
Prostaglandm F~. 002 I 0 10 - j °  I 0 10 --~ 
Pros tag landmEl-ox lm 0 I 62  10-~2-1 I 10 -~ 
7-o,~a-13-prostynolc acid 0 0002 1 8 10- ~ - 9  6 10 6 
Polyphloretm phosphate 0 002 I 5 10- 12-7 9 10- " 
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with a common estimation of the Q value for the unsaturable binding (10-6 M 
prostaglandln E1 m the medmm) the total maximal Q value was measured after 
30rain incubation at 37 °C with 10-1°M [3H]prostaglandln E1 in the medmm 
together with different concentrations of analogues and antagonists as shown in 
Table I 

The apparent K, values of the analogues and antogonlsts, calculated on the basis 
of the assumption that the inhibition is competitive, are shown together with the 
inhibitor concentrations m Table I Apparently the substltuents in both the ring and 
the side chains are of great importance for the affinity A double bond in one of the 
side chains (as in prostaglandln E2) and the length of the alkyl side chain (as m nor- 
and homo-prostaglandln E~) are on the other hand less important The two antago- 
nists, 7-oxa-13-prostynolc acid and polyphloretin phosphate are not bound to the 
high affinity binding sites of the thymocytes in the assayed concentration ranges It 
can be concluded that the binding sites for prostaglandln E~ m rat thymocytes possess 
a high degree of speoficlty 

Bmdmg experlments wtth a thymoeyte suspenston wtth a lowered amount of large 
thymoeytes 

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 eosln (4 8 
±0  5 ~o versus 4 5±0 6 ~)  Before and after filtration the small thymocytes con- 
Stltuted 86 4 i 0  9 ~ and 92 6±0 9 ~,  respectively, of the cell suspension From this 
~t is 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 ~o 
The maximal Q value of the saturable binding sites remains, however, unchanged 
(Table II) Thus it ts not only the large thymocytes that has the saturable prosta- 
glandln E a binding sites The posslblhty that large thymocytes are unable to bind 
prostaglandln E 1 with high affinity is not excluded by the data, because of the low 
fraction of these cells 

TABLE II 

PROSTAGLANDIN E1 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 &fference between the 
total Q value found at 10 -1°  M ra&oactxve prostaglandm E1 and the Q value found with 10 -6 M 
unlabelled and 10-1 o M labelled prostaglandm El in the medmm after incubation for 30 mm The 
values are corrected for &fferences m cell number m the two populations 

Expenment  No Maxtmal Q value Concentration of 
prostaglandm El (M) 

Generally used Thymocyte suspenmon 
thyrnocyte suspension with reduced number of 

large cells 

1 0 3 8 2 ± 0 1 1 0  0 3 3 8 ± 0 0 9 0  45  10 - t °  
2 03534-0043 0 4 7 3 ± 0 0 4 0  23  10 -1°  
3 0 2 8 4 ± 0 0 2 4  0 2 9 9 ± 0 0 2 6  38  l0 -1°  
4 0 3 7 3 ± 0 1 5 9  0 4 0 8 ± 0 0 3 1  30  l0 -1°  
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FJg I Inhibi t ion o f  the equi l ibr ium uptake o f  [3H]pros tag landm El by mdome thac ln  after in- 
cubat~on for 130 mm at 4 C m the absence and presence of 3 7 10 -° M prostaglandm E~ The 
cur~e shown m the figure appears as the difference between these two experiments ( ~S E ) The 
maximal Q value of the [3H]prostaglandln E~ equfllbrlurn uptake m the absence of mdomethacm v~a~ 
also estimated (O) 

The effect of non-sterotdal anttmflammator) druga on the bmdmg of prostaglandm Ej 
to thvmocytes 

W h e n  thymocytes  were incubated  for 30 m m  at 4 ~C m K r e b s - R m g e r  phos-  
pha te  buffer with a low concen t ra t ion  o f  [3H]pros tag landm E1 ( 10- ~0 M),  the cellular  
accumula t ion  o f  this c o m p o u n d  could  be inhibi ted  by the a d d m o n  o f  m d o m e t h a c m  
in different concent ra t ions ,  as shown m FJg 1 In three exper iments  the mean  50 o,, in- 
hibi t ion was ob ta ined  with an m d o m e t h a c m  concen t ra t ion  o f  3 6 10- 5 4-1 2 10- 5 M 
Higher  concent ra t ions  of  the re la ted drugs acetylsahcyla te  (2 10- e M)  and sahcylate  
(2 9 10 -3 M )  also gave a 50 °, o mhJbtt lon m similar  exper iments  

In F ig  2 are shown the results f rom two e q m h b r w m  exper iments  w~th var ious  
concent ra t ions  o f  p ros t ag landm E~ m the presence or  absence o f  6 7 10- s M mdo-  
m e thacm In the presence o f  mdome thacm,  the d~ssocmt~on cons tan t  for the h~gh 
affinity b ind ing  sltes was increased f rom 9 5 10-10 to 4 5 10 - 9  M, and  the calcu- 
la ted  number  o f  b ind ing  sites per  cell also increased f rom 1 0 10- ~ to 2 I 10- ~ M. 
showing  that  the effect o f  m d o m e t h a c m  is qmte  complex  This is fur ther  emphas ized  
by  the observa t ion  that  the unsa turable ,  low affinity b inding o f  [3H]pros tag landm E1 
is increased abou t  10 "~, m the presence o f  mdome tha c m 

Bmdm9 of prostaglandm E 1 to a plasma membrane-enrtched fractton 
The specific and  to ta l  act ivi ty  o f  5 ' -nucleot ldase  and  lactate  dehydrogenase  

m the membrane  f ract ion and  the homogena te  are shown m Table  I l l  I t  appears  that  
the specific act ivi ty  o f  5 ' -nucleot ldase  ts 40-50 t imes greater  m the membrane  f ract ion 
than  m the homogena te  The membrane  f rac t ion is only  shghtly con tamina ted  with 
the cy top lasmic  enzyme (0 2-0  3 °;, o f  the to ta l  act ivi ty)  
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The rate of uptake of [3H]prostaglandm E1 m thymocyte membrane fragments 
was followed by remowng ahquots from shaken homogeneous incubate (22 °C) and 
measuring the radloact~wty of the fragments collected and washed on a filter as 

0 

2 4  

0 ~ - 111 - 110 I I t ~ t 
-co -9 -B -7 -6 -5 

log [P ros tag land ,n  E~]  

Fig 2 The eqmhbr lum uptake of  8 3 10- ~ ~ M [3H]prostaglandm Et was measured as a function 
of  the concentration of  non-radtoactlve prostaglandm E~ in absence (©)  and presence ( O )  of 
6 7 10 -5 M lndomethacm after 130 m m  incubation at 4 ~C It appears from the curve ( ~ S  E) 
that the non-saturable low affimty binding of  prostaglandm E~ is h~gher m the experiment with 
mdomethacln than m the one without tb~s drug 

TABLE III  

SPECIFIC A N D  TOTAL ACTIVITY OF 5 ' -NUCLEOTIDASE A N D  LACTATE DEHY- 
D R O G E N A S E  IN T H E  H O M O G E N A T E  A N D  THE M E M B R A N E  F R A C T I O N  OF RAT 
T H Y M O C Y T E S  

The spectfic activity of  5'-nucleotldase is gwen as #mol  PI formed/h per mg protein, and the speofic 
actw~ty of  lactate dehydrogenase Is expressed as munlts  per mg protein The values m the table are 
from two different experiments 

5"-Nucleotldase Lactate dehydrogenase 

Homogenate  Membranes Homogenate Membranes 

Speofic activity 0 30 
014  

Total activity (%) 100 
100 

12 1 159 5 66 0 
7 3 241 5 82 0 

30 100 0 3 
40 100 0 2 
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Incuba t ion  t rme  ( m l n )  

The uptake ( ± S E )  of I 1 Fag ~ 10 - j °  M [3H]prostaglandm El 
fraction of rat thymocytes was measured m the absence ( 0 )  and presence ( ~ )  of z; 1 
labelled prostaglandm Et at 22 C 

by the plasma membrane 
10 -6 M un- 

d e s c r l b e d  F o r  e a c h  m c u b a n o n  p e r i o d ,  d u p h c a t e s  c o u l d  be  p r o c e s s e d  w i t h i n  45 s I t  

was  e x p e c t e d  t h a t  th~s t e c h m q u e ,  m c o n t r a s t  to  t h a t  u s e d  fo r  w h o l e  cells,  w o u l d  

e h m m a t e  t he  c o n t r l b u n o n  o f  a n y  l ow  a f f imty  u n s a t u r a b l e  b i n d i n g ,  s ince  Jt i n c l u d e d  

w a s h i n g  o f  t he  f r a g m e n t s  H o w e v e r ,  t he  m e m b r a n e s  i n c u b a t e d  w i t h  h i g h  c o n c e n t r a -  

n o n s  o f  p r o s t a g l a n d m  E1 s h o w e d  a r a p i d  u p t a k e  o f  t r m u m ,  w h m h  was  n o t  w a s h e d  

o u t  o n  the  fi l ters A t  l ow  c o n c e n t r a t m n s  ( 1 0 - l o  M )  a s~mllar  i n s t a n t a n e o u s  u p t a k e  o f  

i r r e v e r s i b l y  b o u n d  r a d m a c U v J t y  t o o k  p lace ,  r e s u l t i n g  m a 2 - 3  t i m e s  h i g h e r  u p t a k e  

2L 

2C 

£ 

o 12 

i °  u 

4 

] i - t -  

D i s p l a c e m e n t -  [mln ) 

Fig 4 Time course of the displacement of plasma membrane-bound [aH]prostaglandm Et The 
membranes were premcubated for 60 mm wlth 1 1 10-1° M radioactive prostaglandm E,  m pres- 
ence (O)  and absence (O)  of 3 1 1 0  - 6  M unlabelled prostaglandm E, at 22 ~C, and the uptake 
of radIoacnvlty was determined Thereupon, unlabelled prostaglandm Et was added to the incu- 
bation m~xtures, so that the final concentraUon of non-radioactive prostaglandm E~ became 3 I 
10 -6 M The t~me course of the dlsplacement ( ~ S  E ) was followed by taking ahquots of the mem- 
brane suspensmns at d~fferent times 



373 

Only at low concentrations this rapid irreversible binding was succeeded by a slow 
accumulation, which reached a constant level after 60 mln, thus showing a time 
constant similar to that of the high affinity binding sites of whole cells By apphca- 
tion of linear regression analysis, an initial rate of  uptake could be calculated 
V(I 1 10 -1° M prostaglandm E l )  ~ -  1 6 10-19 mol//~g protein per min That a large part of 
this slowly accumulated radioactivity was reversibly bound prostaglandln E~ was 
revealed by the displacement data shown in Fig 4 

The rate of displacement was determined by the same technique after addition 
of a Lugh concentration of prostaglandln E1 (10 -6 M) to the medium containing 
membrane fragments preincubated for 60 mln with 10-1 o M [3H]prostaglandln E1 
Fig 4 shows the results of this experiment A relatively large fraction (50 %) of the 
radioactivity bound to membranes incubated with 10-~° M [3H]prostaglandln E 1 
was irreversibly absorbed or metabohsed prostaglandln E~, since it was not displaced 
by high concentrations ofprostaglandln E~ in the medium This phenomenon is quah- 
tatively in 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, 
is 0 18 mln-1 and t~ = 4 rain 

Since the irreversibly bound trltlated compounds must also have been produced 
and accumulated in the membrane fraction in the association experiment with 10-1 o M 
prostaglandln Et ,  the initial rate of uptake of reversibly bound prostaglandln E~ 
has been somewhat slower than indicated in Fig 3 

An attempt was made to determine a dissociation constant (Kd) by equili- 
brating the membranes for 60 mln at 22 °C with various concentrations of prosta- 
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Fig 5 Eqmhbrlum uptake of 96 l0 -11 M [aHlprostaglandm Ej by rat thymocyte, plasma 
membranes at various concentrations of unlabelled prostaglandm Et at 22 °C The uptake ts ex- 
pressed as the concentration ratio Q (cpm per/~g protem/cpm per/~1 medmm) =kS E (O) The Q 
values at 3 10 -6 and 1 10 -1° M prostaglandln Ej calculated from the displacement data ([~) 
and the Q values at 3 10 -6 and 1 10-1° M prostaglandm E1 corrected for the irreversible binding 
on basis of the displacement experiment (I)  are also indicated m the figure 
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glandm Ej (10 - ~ - I 0  -6 M) The data are presented m Fig 5 and an apparent /~,~ 
value of 3 10- 8 M fits the data fairly well However, the data must be corrected for 
the ~rreverslbly bound compounds revealed by the d~splacement experiment Such a 
correction can be performed on the basis of the d~splacement experiment, prowded 
the ratio between reversible and irreversible binding Is dependent only on the concen- 
tration of prostaglandm E~ m the medium and the lncubat,on t~me The ratio was. 
however, only measured at 10- ~o M prostaglandm El,  and zt is therefore not possible 
to calculate a Kd value of the reversible hlgh affinity binding The calculated Q value 
of reversibly bound prostaglandm E1 at 10- ~ o M is shown m Fig 5 The tritium actlv- 
~ty remaining m the membrane fraction after Incubation with a h~gh concentration of 
prostaglandm Ej (10 -°  M) m the displacement experiment (Fig 4) is probably 
irreversibly bound, since the membranes were washed on the filter The Q ~alues at 
3 10 -6 and I 10-~° M prostaglandm E~ measured m the displacement expeNment 
are in agreement with the Q value observed in the equihbrmm experiment at 1 l0 - ~0 
M and the Q value obtained by extrapolation of the equlhbnum data to 3 10-6 M 
This indicates that the concentration-dependent ,rreverslble accumulation of labelled 
compounds,  apparent from the data of  the displacement experiment, have been about 
the same m the two types of  experiments 

DISCUSSION 

The low dJssocmtlon constant, as well as the specificity of  the high affimty 
binding sites of  rat thymocytes for prostaglandln E l (and E 2), suggests that these sites 
have a receptor function In both respects they have s~mflar properties to the prosta- 
glandln binding sxtes 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- 
glandm E 1 The two compounds have been reported to have nearly the same affimt~es 
to presumptive targets such as liver cell membranes [6], uteri [2] and membranes of  
adlpocytes [7] (Table IV) The reformation available does not, however, exclude the 
poss~blhty that the difference is due to the presence of esterases in such membrane 
preparations 

Compared with well defined hormone receptors [18, 25] the number ofprosta-  
glandln E l high affimty binding sites per thymocyte is low (about 300) [12] The 
possiblhty that only the small fraction of large thymocytes is responsible for the whole 
binding capacity was ruled out by the observation that preparations of th~mocytes 
considerably depleted of large thymocytes and the original preparations had nearly 
~dentlcal binding capacities per cell 

Two recent reports strongly suggest that the high affimty binding s~tes of  
thymocytes are indeed functioning as receptors Ishlzuka et al [26] have found that 
very low concentrations of  prostaglandlns E~ (3 10 - l z  M) enhance the antibody 
formation m spleen cells in vitro More conclusive, however, is the report of  Bach 
and Bach [27] Under condltmns where the T-cell characteristics of the rosette- 
forming spleen cells are at a low level, this can be normalized by prostaglandm E1 
In vitro in a dose-dependent fashion, as would be expected from the dissociation con- 
stant of  the binding sites Moreover, the authors claim that prostaglandln E1 (and Ez) 
mimics the effect of  a thym~c polypepttde in generating T-cell characteristics of  spleen 
cells from the thymus-deficient mice strain Nu-Nu That the high affinity binding sites 



T
A

B
L

E
 I

V
 

C
O

M
P

A
R

IS
O

N
 O

F
 

T
H

E
 

S
P

E
C

IF
IC

IT
Y

 O
F

 T
H

E
 

P
R

O
S

T
A

G
L

A
N

D
1

N
 E

l 
H

IG
H

 
A

F
F

IN
IT

Y
 

B
IN

D
IN

G
 S

IT
E

S
 

O
F

 D
IF

F
E

R
E

N
T

 

T
IS

S
U

E
S

 

T
h

e 
af

fi
m

ty
 o

f 
th

e 
an

al
o

g
u

es
 a

n
d

 a
n

ta
g

o
n

is
ts

 r
el

at
w

e 
to

 p
ro

st
ag

la
n

d
m

 E
t 

is
 g

iv
en

 a
s 

th
e 

ra
ti

o
 K

d/
K

h 
w

h
er

e 
K

a 
is

 t
h

e 
d

is
so

ci
at

zo
n

 c
o

n
st

an
t 

fo
r 

p
ro

st
ag

la
n

d
ln

 E
l 

m
 t

h
e 

t~
ss

ue
 c

o
n

ce
rn

ed
 

P
ro

st
ag

la
n

d
m

 
P

ro
st

ag
la

n
d

m
 

P
ro

st
ag

la
n

d
ln

 
P

ro
st

ag
la

n
d

m
 

15
-k

et
o-

 
P

ro
st

ag
la

n
d

m
 

7-
ox

a-
13

- 
P

o
ly

p
h

lo
- 

E
2 

F
:t

 
A

1 
2 

B
1 

p
ro

st
ag

la
n

d
m

 E
l-

 
p

ro
st

y
n

o
lc

 
re

tm
 

E
~ 

2 
m

et
h

y
l 

es
te

r 
a

o
d

 
p

h
o

sp
h

at
e 

L
iv

er
 m

er
e-

 
0 

80
 

b
ra

n
es

 [
6]

 
C

o
rp

u
s 

lu
te

u
m

 
- 

m
em

b
ra

n
es

 
[5

, 
23

] 
U

te
ri

n
e 

pi
ec

es
 

0 
87

 
[2

4]
 

U
te

ru
s 

sl
ic

es
 

0 
85

 
[2

] 
A

d
lp

o
cy

te
s 

[8
] 

0 
6 

A
d

lp
o

cy
te

- 
0 

93
 

m
em

b
ra

n
es

 [
7 

] 
T

h
y

m
o

cy
te

s 
1 

0 

9 
1

0
-*

 
0

7
5

 
5 

10
 -

4
 

- 
0

9
2

 
- 

- 

3 
10

 -3
 

.
.

.
.

 
1 

10
 -

6 
- 

- 
8 

10
 

-3
 

1 
10

 
-2

 
- 

- 
- 

- 
0

4
7

 
- 

3 
1

0
 -

2
 

0
5

0
 

- 
- 

8 
1

0
 -

3
 

1 
3 

1
0

 -
2

 
- 

5 
1

0
 -

3
 

- 
- 

- 

- 
4 

10
 -

2 
- 

- 
04

1 
4 

10
 

-4
 

- 

2 
10

 -
2

 
1 

10
 -

2
 

4 
10

 -
3

 
9 

lO
 -2

 
8 

IO
 -2

 
-2

 
10

 -
4

 
--

-2
 

10
 -3

 

L
~

 



376 

of thymocytes are closely related to such effects of  prostaglandlns on thymus-derived 
and splemc precursor cells Js further supported by the observation that lndomethacln 
inhibits the effects of  prostaglandm E~, since this drug, according to the present work 
inhibits the binding of the prostaglandm to thymocytes 

In the studies of Schaumburg [12] mdomethacm was added In low concentra- 
Uons to the mcubauon medmm m order to inhibit any potential prostaglandm 
producUon By increasing the concentration to 10- s M a pronounced mhlbmon of 
the high affinity binding of prostaglandm E 1 was noticed Although hgand competl- 
Uon plays a part, attempts to clarify the mechamsm in detad were unsuccessful since 
the drug also increased the low affinity accumulation of  trmated compounds m the 
cells Unpublished data suggest that this increased "noise level" is not due to metabo- 
htes, but to the prostaglandm itself Thus the drug may enhance the permeability of  
some cellular compartments to which the prostaglandms normally have no access 

Thymocytes and splemc T-cells are not umque with regard to the binding and 
effects of  prostaglandm El being inhibited by mdomethacm Thus Rao [5] has 
reported that 14 1 0 - 4 M  mdomethacm blocks 43°0 of the prostaglandm £ 1 
binding capacity of  cell membranes from corpus luteum Others [28] have found that 
low concentrations of  mdomethacm mhrblt the prostaglandm effects on rat uterus 
(5 l0 -5 M) and on guinea pig ileum (7 10 - s  M) Thus the phenomenon may be 
qmte general These effects of  lndomethacm are reproduced by higher concentrations 
of  other members of  the famdy of aspirin-like drugs, m an analogous manner to the 
effect of  mdomethacln on the synthetase [29-31] and the 15-hydroxyprostaglandm 
dehydrogenase from lung tissue [32] Since the synthetase is only shghtly more sen- 
stove to th~s famdy of drugs than the two other systems it is attractive to propose a 
common mechamsm for all three drug effects According to Gryglewskl [33] the 
effects of synthetase mhlbltors, including the weak mhlbltors lauryl sulphate and 
mynstate, may be understood to some extent on the bas~s of hgand competition, 
provided that the enzyme-bound substrate has a conformation closely resembling the 
"hmr-pm'" model ofarachldomc acid This assumption is not mvahdated by the recent 
demonstration that this conformation is not the generally favoured one [34] Since 
the prostaglandms can be regarded as long chain fatty acids m a " locked hair-pro'" 
conformation, the hypothesis of  Gryglewskl implies that the same drugs which block 
the synthetase also mhlblt the reacUons in which the prostaglandms are the hgands, 
although perhaps at somewhat higher concentrations Th~s seems actually to be the 
case The h~gh affinmes and spec~ficmes of receptors could then be due to cooperaUve 
effects between such features of  the binding sites which they share with the syntheta~e 
and group as well as stereospeclfic loci 

Our attempts to locahze the high affimty binding sites to the plasma membrane 
have not resulted m an unambiguous conclusion although the membrane preparation 
was probably rather pure A high degree of purity is referred from the enrichment 
factor of  5'-nucleohdase (about 40) and the good recovery (30-40 °0) from the 
homogenate since others [35, 36] have shown that this enzyme is mainly if not entirely 
present m th~s organelle of lymphocytes They showed that the enrichment factors of 
the enzyme and surface antigens were nearly xdenucal and a little lower than m our 
preparation, m agreement w~th 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 ~peclfic actlwty of the enzyme Although it was possible 
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to show that the membrane  prepara t ion  contamed reversible b ind ing  sites, a rather 
large degree of irreversible b inding  prevented direct calculation of the dissocmtlon 
constant  F r o m  the Q value of the reverstbly bound  pros taglandln  E1 at a low medium 
concent ra t ion  (10 -x °  M)  the number  of reversible b inding  sites per mg protein can 
be calculated by assuming that  the dlssocmtIon constant  is the same for the membranes  
and  for cells at the same temperature (1 1 10 -9  M)  [12] Computed  in this way the 
membrane  preparat ion was no t  enriched at all with regard to the b inding  sites How- 
ever, the concent ra t ion  dependence of the total  Q values including the irreversibly 
bound  radioactxvlty (Fig 5) is more compatible with a much higher d i s sooa t ion  
constant ,  provided the concent ra t ion  dependencies of reversible and  irreversible 
bindings are no t  very different A K a value of 3 10 - s  M wdl then be in  ha rmony  
with bo th  the b ind ing  curve (Fig 5) and  the enr ichment  factor for the enzyme marker  
Thus the data are compatible with a localization in the plasma membrane  provided the 
same b inding  sites have a much tugher dissociation constant  for the same l lgand m 
the isolated membrane  fragments, than  in sItu We have concluded that  the quest ion 
of whether or not  the high affinity b ind ing  sites of the thymocytes are confined to the 
plasma membrane  cannot  be answered unambiguous ly  by the approach we have 
chosen and  is still an  open one 
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