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A SOLID-PHASE RECEPTOR BINDING ASSAY FOR 1251-hCG 

M. Bortolussi ,  0. Selmin and A. Colombatti" 

Un ive rs i t y  o f  Padova, 35121 Padova, I t a l y .  
I ns t i t u tes  o f  Human Anatomy and *Pathological Anatomy, 

ABSTRACT 

A solid-phase radiol igand-receptor assay ( RRA I t o  measure 
t h e  binding o f  125l-labelled human chor ionic gonadotrop in 
(1251-hCG) t o  ta rge t  cell membranes has been developed. The bin- 
ding o f  125l-hCG t o  membranes immobilized on t h e  wells o f  micro- 
t i t r a t i on  plates reached a maximum a t  about 3 hou rs  a t  37OC, was 
saturable, d isplayed a high a f f i n i t y  ( K a  = 2.4 x lO9M-1) a n d  was 
speci f ical ly inh ib i ted by unlabel led hCG. In comparison w i t h  RRAs 
ca r r i ed  o u t  w i th  membranes in suspension, t h e  solid-phase RRA 
i s  s ign i f icant ly  simpler and  much fas te r  t o  pe r fo rm as it avoids 
centr i fugat ion o r  f i l t r a t i o n  procedures.  

numbers o f  samples a t  t h e  same time. It p r o v e d  p a r t i c u l a r l y  use- 
ful as a screening assay t o  detect  ant i -hCG monoclonal ant ibodies 
w i t h  high inh ib i t o ry  ac t i v i t y  f o r  binding o f  125l-hCG t o  i t s  re -  
ceptors.  

The  solid-phase RRA was adapted p r o f i t a b l y  t o  process large 

INTRODUCTION 

Radiol igand-receptor assays ( RRAs)  a re  o f  general  use t o  

measure t h e  binding o f  a l igand t o  i t s  receptors .  As f o r  many 

other  l igands, human chor ionic gonadotrop in (hCG 1 RRAs a r e  

2 1 9  
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220 BORTOLUSSI, SELMIN, AND COLOMBATTI 

commonly performed by incubat ing t h e  hormone w i t h  suspensions 

o f  membrane f ract ions obtained f rom a t a r g e t  tissue. A t  t h e  end 

of  the  incubation, t h e  f r e e  and t h e  bound l igands are  t h e n  sepa- 

ra ted  ei ther by centr i fugat ion,  which usual ly  involves one o r  more 

washes, o r  f i l t ra t ion .  While adequate, b o t h  methods are  cumberso- 

me and time consuming whenever deal ing w i t h  a large number o f  

samples. 

We are c u r r e n t l y  in terested in var ious aspects o f  t h e  hCC- 

receptor interaction, a s t u d y  in which we make also use o f  mono- 

clonal antibodies (Mabs) .  In our  protocol  t h e  binding of 

125l-hCG t o  i ts receptors had t o  b e  assessed rou t ine ly  and, the-  

refore, we looked f o r  a simple and r a p i d  RRA .avoiding, if possi- 

b le  ,the centr i fugat ion o r  f i l t ra t ion  steps. 

We have t h u s  developed a sui table solid-phase RRA t o  mea- 

sure  t h e  binding of  125l-hCG t o  ta rge t  t issue membranes immo- 

bi l ized on  t h e  wells o f  microt i t ra t ion plates, in which t h e  un- 

bound l igand is simply removed by aspirat ion a t  t h e  end o f  t h e  

incubation. The assay is easy and fas t  t o  c a r r y  out and proved 

par t i cu la r ly  su i ted t o  process simultaneously large numbers o f  

samples. For o u r  purposes, it replaced v e r y  ef f ic ient ly  conven- 

t ional  RRAs performed w i t h  membrane suspensions. 

MATERIALS AND METHODS 

Hormones and reaqents 

hCG (CR-121, 13,450 I U / m g l  and fol l ic le st imulat ing hor-  

mone (NIAMDD-hFSH-2, FSH biopotency 3,925 IU/mg, lu te in iz ing 

hormone (LH l biopotency 523 IU/mg I were kindly suppl ied by 
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SOLID-PHASE RECEPTOR ASSAY 221 

t h e  Center f o r  Population Research (National Ins t i tu tes  o f  Health, 

Bethesda, MD) . hCG was radioiodinated w i t h  125l-Na (Amersham, 

U K )  by t h e  lactoperoxidase method (1  1. The speci f ic  a c t i v i t y  o f  

t h e  var ious batches o f  labelled hCG ranged f rom 50 t o  70 pcilpg. 

The act ive f ract ion o f  t h e  iodinated hCG, i.e. t h e  f rac t ion  o f .  

rad ioact iv i ty  associated w i t h  biologically act ive hormone, determi-  

ned as t h e  maximum speci f ic  binding o f  a sample of  t h e  t racer  t o  

an excess of  test is receptors, was about 60%. Par t ia l ly  p u r i f i e d  

hCC (Profasi, 5,000 I U l m g I  was purchased f rom Serono (Rome, 

I t a l y ) .  

A f f i n i t y  pur i f ied  r a b b i t  IgG anti-mouse Ig were labelled 

w i t h  125l-Na by t h e  Chloramine-T method a t  a speci f ic  a c t i v i t y  

o f  15-25 pcilpg. Phenyl  methyl  su lphonyl  f luor ide  (PMSF), N- 

ethyl-maleimide (NEM) and bov ine serum albumin (BSA I ,  f ract ion 

V, were obtained f rom Sigma. Al l  o ther  chemicals were reagent  

grade. 

Preparat ion of  test icular membranes 

Porcine testes f rom 2-3 week-old animals were obtained a t  a 

local p ig-breeding farm. Testes were k e p t  o n  ice and processed 

wi th in  2-3 hours.  The t issue was minced w i t h  scissors, d i lu ted  

1 : l  ( w : v )  w i t h  PBS (10 mM phosphate b u f f e r e d  saline, 150 mM 

NaCI, p H  7.41 containing 1 mM PMSF, 1 mM NEM and 10 mM 

NaN3, and processed w i t h  an e lect r ic  device ( U l t r a  T u r r a x l  . 
The t issue t o  b u f f e r  ra t io  was t h e n  b r o u g h t  t o  1 : 10 and t h e  ma- 

ter ia l  was f u r t h e r  homogenized w i t h  a glass homogenizer. The 

resu l t ing  homogenate was f i l t e r e d  t h r o u g h  cheesecloth, cen t r i fu -  

ged a t  500 x g f o r  10 minutes and t h e  pel let  was discarded. The 
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222 BORTOLUSSI, SELMIN, AND COLOMBATTI 

supernatant  was cen t r i f uged  a t  30.000 x g f o r  30 minutes a n d  

t h e  resu l t i ng  pel let  ( r e f e r r e d  t o  as membranes I was resuspended 

in PBS at  t h e  appropr ia te concentrat ion and  used in t h e  solid- 

phase RRA as descr ibed below. 

Solid-phase RRA 

F o r t y  pl al iquots conta in ing 2 mg we t  weight (60 pg pro te in  I 
o f  test icular membranes were p la ted i n t o  96-well 

plates ( f lexible,  f l a t  bottom microt i ter  plates, Dyna tech l .  The  

plates were then  incubated o v e r n i g h t  a t  37OC t o  d ryness  and 

stored at  -2OOC o r  a t  4OC until used in t h e  RRA. The  wells were 

saturated w i th  PBS conta in ing 1% BSA (PBS- l% B S A I  f o r  15 mi- 

nutes a t  room temperature.  The  sa tu ra t i ng  solut ion was removed 

and t h e  plates were incubated a t  37OC w i t h  25 pl o f  125l-hCG in 

PBS- l% BSA and  (a1 25 pl o f  PBS-1% BSA ( to ta l  binding1 o r  ( b J  

25 pl o f  PBS-1% BSA conta in ing 100 IU Profasi  ( n o n  speci f ic  bin- 

ding I .  A t  t h e  end  o f  t h e  incubat ion time, t h e  binding m i x t u r e  

was aspirated and t h e  wells were washed th ree  times w i t h  PBS. 

The  wells were c u t  and  t h e  bound  rad ioact iv i ty  was measured in 

a gamma counter.  A l l  determinat ions were run in t r i p l i ca te .  The  

specific binding was calculated by sub t rac t i ng  t h e  non speci f ic  

value f rom t h e  total  binding. The  a f f i n i t y  o f  t h e  hCG-receptor 

interact ion was determined accord ing t o  Scatchard (2 I t a k i n g  in- 

t o  account t h e  act ive f rac t i on  o f  t h e  t race r .  

m ic ro t i t ra t i on  

In RRAs ca r r i ed  o u t  in t h e  presence o f  ant i -hCG Mabs, 25 

(1.1 of hybr idoma supernatant, o r  25 pl o f  p ro te in  A p u r i f i e d  Mabs 

( 3 )  in PBS- l% BSA, followed by 25pl o f  125l-hCG in PBS-1% BSA 

were added t o  t h e  wells. 
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SOLID-PHASE RECEPTOR ASSAY 2 2 3  

Preparat ion o f  ant i -hCG Mabs 

The  antibodies descr ibed hereaf ter  were d e r i v e d  f r o m  two  se- 

parate fusions. In fus ion  1 a ( B a l b / c  x SJLI  F1 mouse was immu- 

nized subcutaneously w i t h  1OOpg hCG in PBS mixed w i t h  comple- 

t e  F reund  adjuvant .  Th ree  weeks la ter  1OOpg hCG in PBS were 

in jected in t raper i toneal ly  and t h e  animal was sacr i f iced t h r e e  days  

a f te r  t h e  second in ject ion.  In fus ion  2 a Ba lb /c  mouse was immu- 

nized w i th  hCG accord ing t o  t h e  procedure descr ibed by C ian f r i -  

g l ia  e t  al. (41  w i th  a to ta l  o f  115 pg hCG. Fusions were p e r f o r -  

med w i th  spleen cells a n d  mouse myeloma NS-1 cells u s i n g  poly-  

ethylene g lyco l  accord ing t o  Gal f r6  e t  al. (51. Cells f rom t h e  fu- 

sions were p la ted in 96-well m ic ro t i t e r  p lates a n d  clones were se- 

lected by g r o w t h  in hypoxant ine-  aminopter ine-thymidine medium. 

Cu l tu re  supernatants were assayed f o r  t h e  presence o f  ant i -hCG 

Mabs u s i n g  a double ant ibody solid-phase radioimmunoassay ( R I A  I : 
40 p i -a l i quo ts  o f  0.1 M carbonate b u f f e r ,  p H  9.6, conta in ing 1 pg 

hCG were p la ted in 96-well microt i ter  plates, desiccated o v e r n i g h t  

a t  37OC and  stored a t  -2OOC until used. The wells were t h e n  sa- 

t u r a t e d  w i t h  PBS-1% BSA, incubated w i t h  4Opl o f  supernatants  

f rom g r o w i n g  clones f o r  1 hou r  a t  room temperature,  washed and  

incubated w i t h  125l-labelled r a b b i t  IgG anti-mouse immunoglobu- 

lins again f o r  1 hou r  a t  room temperature.  T h e  wells were t h e n  

washed and  t h e  bound  rad ioac t i v i t y  was measured in a gamma 

counter.  T h e  clones were considered pos i t ive if t h e  amount o f  ra -  

d ioact iv i ty  bound  was a t  least 10 times g rea te r  t h a n  t h e  back-  

g r o u n d  value obtained w i t h  an unre lated Mab. 

Other  methods 
The  RRA w i t h  membranes in suspension was per formed as 

p rev ious l y  descr ibed ( 6 )  except  t h a t  1.5 mi Eppendor f  conical 
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224 BORTOLUSSI, SELMIN, AND COLOMBATTI 

1 2 

T E S T I C U L A R  M E M B R A N E S  ( m g / w e l l )  

Figure 1: Specific binding of 125I-hCG to testicular membranes in 
the solid-phase RRA. The plates were incubated at 37°C for 3 hours 
with lZ5I-hCG (lo5 cpm). 

tubes were used and centrifugations were carr ied out a t  

12,000 x g. The protein content of the membrane preparations 

was determined according t o  the method o f  Lowry  e t  al . (7 1 

using BSA as standard. 

RESULTS 

Features of the  solid-phase RRA 

lodinated hCG could bind ve ry  eff iciently t o  testicular mem- 

branes in the solid-phase RRA: an amount of 2 mg of membranes 

(wet weight) /well displayed a specific binding reaching approxi- 

mately 40% of the  added radioactivi ty (F ig .  11. 

The effects of repeated washings on the  cprn bound was 

next  investigated. Three t o  four  washes were suff icient t o  reduce 
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SOLID-PHASE RECEPTOR ASSAY 225 

TABLE 1 

Binding of 1251-hCG to Testicular Membranes Plated and Stored at 
-20°C and at 4°C for various Periods of Time. 

Storage Time Cpm Bound 
Total Non Specific 

1) No storage 45,625 f 938 1,923 f 121 
2) 7 Months at 4°C 45,163 f 736 2,079 f 92 
3 )  3 Months at -20°C 2,463 f 140 
4) No Storage 38,435 f 1,270 2,113 f 127 

39,750 f 1,803 

The membranes (2 mg/well, wet weight) were incubated for 3 hours 
at 37°C with 1251-hCG ( l o 5  cpm) with (non specific binding) or 
without (total binding) an excess of unlabelled hCG. Membranes in 
1 and 2 were af the same batch but incubated with different prepa- 
rations of lz5I-hCG. Membranes in 2, 3 and 4 were from different 
batches but were incubated with the same preparation of 1251-hCG. 
The data are the mean 2 SD of triplicate determinations. 

t h e  non speci f ic  binding t o  values around 3 t o  7% o f  t h e  speci f ic  

binding depending on t h e  membrane and l igand preparat ion (see 

Table 11, and f u r t h e r  washes did not  reduce appreciably t h e  cpm 

bound. 

The binding o f  125l-hCG t o  t h e  immobilized test icu lar  mem- 

branes reached t h e  equi l ibr ium a f t e r  3 hours  incubat ion a t  37OC 

(F ig .2 ) .  The process was saturable and , as determined by 

Scatchard analysis, d isplayed a high a f f i n i t y  ( K a  = 2.4 x lOgM-l, 

F ig .3) .  A similar a f f i n i t y  ( K a  = 6 x lO9M-1) was obtained in t h e  

classical RRA w i t h  membranes in suspension. The binding o f  

125l-hCG could be  completely inh ib i ted  by excess unlabel led hCG 

(Fig.41. A s l igh t  inh ib i t ion was observed w i t h  FSH on ly  a t  t h e  
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1 4 

T I M E  ( h o u r s )  

Figure 2: Time-course of 1Z5I-hCG ( lo5 cpm) binding to testicular 
membranes (2 mg/well, wet weight) in the solid-phase RRA. Incuba- 
tions were carried out at 37°C. 

higher  concentrat ions tested, consistent w i th  t h e  LH content  of 

t h e  FSH preparat ion used. 

Furthermore, t h e  solid-phase RRA could also be per formed 

us ing luteal t issue f rom pig and pseudopregnant r a t  (da ta  n o t  

shown I .  
Once immobilized o n  sol id phase t h e  binding a c t i v i t y  o f  t h e  

test icular membranes was p rese rved  f o r  v e r y  l ong  per iods o f  ti- 

me. In fact, plates s tored a t  - 2 O O C  o r  even a t  4OC. re ta ined an 

adequate binding ac t i v i t y  f o r  several  months (Tab le  1 I .  In o u r  

experience t h e  di f ferences noted between s to red  and  f r e s h  prepa-  

ra t ions were negl ig ib le  and, when detected, due  t o  t h e  t a r g e t  

t issue preparat ions were t h e  receptor  content  could v a r y  slightly. 
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Figure 3: Saturation curve of lZ5I-hCG binding in the solid-phase 
RRA. The membranes (2 mg/well, wet weight) were incubated for 3 
hours at 37°C with increasing concentrations of 125I-hCG with or 
without unlabelled hCG. Only specific binding is reported. Inset: 
Scatchard analysis of the binding data. 

Selection of Mabs inhibitinq hCG binding 

We are cur ren t ly  interested in the preparation of antibodies 

directed against the hCG receptor. A possible approach t o  th is  

scope is the  use of anti-hCG Mabs as antigens to  raise anti-idioty- 

p ic  antibodies specific f o r  the receptor molecule ( 8 ) .  In th is  

respect, as discussed below, anti-hCG Mabs capable of inhibiting 

very  eff iciently the hormone-receptor binding are l ike ly  to  re- 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
0
1
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



228 

100- 

n 
2 
3 

50-  

ap 

0 -  

FORTOLUSSI, SELMIN, AND COLOMBATTI 

.Ol .1 1 10 100 

UNLABELLED HORMONE ( n g i w e l l )  

Figure 4 :  Inhibition of 125I-hCG binding in the solid-phase RRA 
by increasing concentrations of unlabelled hCG (O----O) or FSH 
(*----*I. The testicular membranes (2 mg/well, wet weight) were 
incubated with 1251-hCG (105 cpm) and the indicated amounts of un- 
labelled hormones at 37°C for 3 hours. 

present the  most useful  antigens. Therefore, we examined t h e  sui-  

tab i l i t y  o f  t h e  solid-phase R R A  as a screening assay t o  detect  rea- 

dily ant i -hCC Mabs w i t h  high inh ib i to ry  ac t iv i t y  for  t h e  hormo- 

ne-receptor binding. 

The solid-phase R R A  was as ef fect ive as a R R A  performed 

w i th  membrane suspensions t o  measure t h e  inh ib i t ion o f  125l-hCG 

binding by anti-hCG Mabs (Table 2 ) .  Typica l  inh ib i t ion  curves  

were obtained by per forming t h e  solid-phase R R A  in t h e  presence 

of  increasing concentrations of  a f f i n i t y  p u r i f i e d  ant i -hCG Mabs 

(F ig .5 ) .  In addition, t h e  su i tab i l i ty  of t h e  solid-phase R R A  t o  de- 

tect, d i rec t l y  in the  screening step, cell clones produc ing  ant i -  

hCG Mabs which inh ib i ted markedly (>50%) t h e  125l-hCG binding, 

was demonstrated in fusion 2 where 4 o u t  o f  39 clones had s t rong 

inh ib i to ry  ac t iv i t y  (Table 3 1 .  
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TABLE 2 

229 

Inhibition by various Hybridoma Supernatants of the Binding of 
1251-hCG to Immobilized (Solid-Phase RRA) and Suspension (Tube 
RRA) Membranes. 

Solid-Phase RRA 

cpm bound inhibition 
specific % 

medium 37,585 - 
161F2 22,792 39.4 
163G2 311 99.2 
16462 104 99.7 
166A11 35,682 5.1 
209G2 36,559 2.7 
209H9 36,313 3.4 

Tube RRA 

cpm bound inhibition 
specific % 

34,604 - 
21,249 38.6 

117 99.7 
62 100 

33,508 3.2 
33,666 2.7 
35,507 0 

RIA - 

723 
37,527 
38,474 
39,781 
36,430 

428 
632 

Both RRAs were carried out with the same amount (2 mg/well or tu- 
be, wet weight) of testicular membranes. 161 F2, 163G2, 164A2 and 
166Al1, are anti-hCG Mabs obtained in fusion 1; 20962 and 209H9 
are anti-ricin Mabs (9) used as negative controls. The values ob- 
tained using the same supernatants in the hCG RIA are also re- 
ported. 

DISCUSS ION 

The  present  exper iments have shown t h a t  pig tes t i s  membra- 

nes can b e  assayed a f te r  adsorpt ion t o  p last ic  wells w i t h  full r e -  

tent ion of t h e  hCG receptors '  binding ac t i v i t y .  

Indeed, t h e  character is t ics  o f  t h e  1251-hCG binding t o  im- 

mobil ized membranes were f o u n d  t o  be qu i te  similar t o  those r e -  

po r ted  f o r  i ts  binding t o  suspensions of var ious hCC t a r g e t  t i s -  

sue preparat ions (6,10,11 I .  Th is  made possible t h e  development 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
0
1
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



230 BORTOLUSSI, SELMIN, AND COLOMBATTI 
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M O N O C L O N A L  A N T I B O D Y  ( n g i w e l l )  

Figure 5: Inhibition by affinity purified anti-hCG Mabs of 
125I-hCG binding in the solid-phase RRA. Testicular membranes 
(2 mg/well, wet weight) were incubated for 3 hours at 37°C with 
125I-hCG (105 cpm) in the presence of the indicated amounts of 
Mabs. 

TABLE 3 

Results of Fusion 2 

Wells plated 

Wells with growing Hybridomas 

Wells with Supernatant positive 
in the hCG RIA 

Wells with Supernatant inhibiting 
(>50%) the 1z5I-hCG Binding in the 
Solid-Phase RRA 

1152 

354 

39 

4 
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of  t h e  v e r y  simple and ef f ic ient  solid-phase 125l-hCG binding 

assay here  described. 

Test icular t issue o f  2-3 week-old pigs was chosen f o r  two 

main reasons. It displays a high hCG binding capacity, s ince 

hCG receptor-bear ing in ters t i t ia l  cells account f o r  more than 

60% o f  t h e  test icular volume a t  t h i s  age (12)  and elevated 

125l-hCG binding values are  obtained w i t h  t h e  small amount o f  

membranes which can be  plated p e r  well. Secondly, it i s  availa- 

b le  a t  wi l l  and f ree  o f  charge a t  a pig breed ing  fac i l i ty .  

Membranes adsorpt ion t o  t h e  wells was car r ied  o u t  over-  

night at  37OC, a procedure t h a t  migh t  b e  questionable as a par -  

t ia l  inact ivat ion o f  hCG receptors a t  t h i s  temperature has been re -  

por ted  ( 1 0 ) .  If inact ivat ion occur red  in o u r  hands it was negl i -  

gible, probably  due t o  t h e  presence of  protease inh ib i to rs  in t h e  

homogenization step. Moreover, t h e  receptors '  binding a c t i v i t y  

was reta ined f o r  a long time if p la ted membranes were s tored at  

-2OOC o r  even a t  4OC. Th is  represents  a v e r y  convenient feature 

as immobilized membranes can b e  prepared a l l  in one exper iment 

and used f o r  the  fo l lowing months. The wells have on ly  t o  be  sa- 

tu ra ted  f o r  10-15 minutes w i t h  BSA before use. 

The var ious steps o f  t h e  solid-phase RRA are  s ign i f icant ly  

accelerated if loading o f  t h e  reagents is done w i t h  a mul t ip ipet te  

and washing steps car r ied  ou t  w i t h  a mult i -way device. Typical ly,  

a 96-well p late can b e  loaded w i t h  125l-hCG in about one minute 

and it takes one o r  two minutes t o  wash it a t  t h e  end o f  t h e  in- 

cubation. Therefore, t h e  solid-phase RRA allows a considerable 

time-saving in comparison t o  RRAs performed w i t h  membrane 

suspensions and i t s  use could be  in t roduced pro f i tab ly  in labora- 
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232 BORTOLUSSI, SELMIN, AND COLOMBATTI 

tories in which 125l-hCG binding assays are carr ied out  routine- 

ly. 

RRAs performed w i t h  membrane suspensions have been used 

to  measure hCG levels in biological f lu ids (13) .  In the  present ex- 

periments we did not test the  possibil i ty t o  apply the solid-phase 

RRA t o  th is  purpose because th is  is out of the scope o f  our cur -  

ren t  research. However, since the  characteristics of t he  125l-hCC 

binding to immobilized and suspended membranes resulted similar, 

it is conceivable that  the solid-phase RRA should be as effective 

as other hCC-RRAs in th is  regard. 

The solid-phase RRA is part icularly advantageous in hybri- 

doma technology which often requires the  simultaneous proces- 

sing of large numbers of samples. For example, inhibit ion of li- 

gand binding represents a useful parameter to  ident i fy  anti-re- 

ceptor Mabs ( 1 4 )  and the solid-phase RRA provides a very  con- 

venient screening assay to  detect such Mabs. 

Anti-hormone Mabs, directed against the  epitope o f  the  hor- 

monal molecule which combines w i th  the receptor, can be used as 

immunogens t o  raise anti-idiotypic Mabs wi th  specificity f o r  the  re- 

ceptor (81. Anti-hCC ( o r  anti-LH) Mabs useful f o r  th is  purpose 

are conceivably among those which are more effective in inhibiting 

the hormone binding. Such Mabs were easily selected in the  

screening step of fusion 2 with the  solid-phase RRA. This  assay 

could also be employed to  ident i fy  anti- idiotypic Mabs reacting 

w i t h  the  receptors in the  target  cell membranes. 

The advantage of us ing the solid-phase RRA instead o f  other 

RRAs is  even greater in experiments requ i r ing  the  combination 

of sequential incubations and repeated washings of the  membra- 
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nes, such as t h e  study o f  hormone-receptor complexes dissocia- 

t ion o r  the  use o f  Mabs t o  study t h e  ro le  of d i f f e r e n t  hormone o r  

receptor epi tope in t h e  l igand-receptor binding (15) .  

The solid-phase hCG-RRA could then replace convenient ly 

and ef fect ive ly  o ther  RRAs performed w i t h  membrane suspensions 

in many applications and we feel it wi l l  be  readi ly  adaptable t o  

other  l igand-receptor systems. 
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