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C H A R A C T E R I S T I C S  OF T H E  E S T R O G E N  R E C E P T O R  

S Y S T E M  OF T H E  G U I N E A  P I G  U T E R U S  

N. D. F a n c h e n k o ,  L .  S. M i n i n a ,  R. N. S h c h e d r i n a ,  
S. V. S t u r c h a k ,  and  K. K. P i v n i t s k i i  

UDC 612.627.8:612.621.31 

The physicochemical parameters  of e s t r ad io l - r ecep to r  (E 2-R) interaction in the cytosol of 
guinea pig uterus (the velocity constants of association and dissocation, the half-life of the 
E 2 - R  complex, the change in f ree  binding energy) were studied and the content of receptors 
in the cell calculated. With different degrees of approximation to a state of equilibrium, 
for  most steroids the percentage of affinity for  the test system remained unchanged, indi- 
cating that equilibrium had been reached in these cases. The affinity of the steroids for the 
R system analyzed was determined by integrity of the 3-  and 17 fl-hydroxyl groups and by the 
somewhat g rea te r  importance of  the third phenolic hydroxyl group of the steroid molecule, 

KEY WORDS: uterus; s t e r o i d - r e c e p t o r  interaction; specificity; estrogens. 

This investigation is a continuation of a study of the e s t r ad io l - r ecep to r  (E~-R) system of the guinea 
pig uterus started previously [1]. 

Kinetic and thermodynamic parameters  and also the specificity of interaction of a number of steroids 
with the receptor  system of the uterus were studied. 

E X P E R I M E N T A L  M E T H O D  

Uteri of sexually immature guinea pigs weighing 140-200 g were removed and treated by the usual method 
[1] with dilution of the tissue with buffer 1:10 for  homogenization. The cytosol was kept at -30~ The residue 
was used for DNA determination [3]. 2,4,6,7-Estradiol-17fl-3H (E2-17fl'3H) (specific activity 100 Ci/mmole, 
Amersham) and unlabeled compounds, whose names are  given in Table 1, were used in the experiments, The 
velocity constants of dissocation (k- 1) and association {k+i) and the half-life of the complex (T1/2) were de ter -  
mined by the usual methods [8]. To determine the equilibrium association constant (Kas) of estradiol with the 
isolated system the principle of saturation analysis was used [4]. The range of concentrations of labeled e s -  
tradiol was 0.05-0.75 pM. The f ree  and bound fractions were separated by means of a suspension of charcoal 
(0.25% suspension in buffer containing 0.1% gelatin). To allow for nonspecific binding, a hundred-fold excess 
of unlabeled estradiol was used [5]. Kas and the concentrations of binding sites were calculated by Scatchard's 
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TABLE1.  

1) 

2) 
3) 
4) 
5) 
s) 
7) 
s) 
9) 

10) 
11) 
12) 
13) 
14) 
15) 
16) 
17) 
18) 
19) 
20) 
21) 
22) 
23) 
24) 
25) 
26) 
27) 
28) 
29) 
30) 
31) 
32) 
33) 
34) 
35) 
36) 
37) 
3S) 
39) 

Nomenclature of the Compounds Tested 

3,4-bis-(p-hydroxyphenyl) hexene-3 
D-es t ra t r iene- l ,3 ,5  (10)-diol-3,17fl 
3,4-bis-(p-hydroxyphenyl) hexadiene-2,4 
D-17a-ethinyl-estratriene-l ,3,5(10)-diol-3,17fl 
D-3-hydroxyestratriene-1,3,5(10)-one-17 
D-3-benzoylhydroxyestratriene-l,3,5(10)-oI-17fl 
D-17 fl-valeroylhydroxyestratriene-l,3,5(l O)-ol-3 
D-est ra t r iene- l ,3 ,5  (10)-triol-3,16a,17fl 
D-4-bromoestratr iene-1,3,5 (10)-diol-3,17fl 
D-2-bromoestra t r ien e-1,3,5 (10)-diol-3,17fl 
D-es t ra t r iene- l ,3 ,5  (10)-ol-3 
L-estratriene-l ,3,5(10)-dio1-3,17fl 
D-estratr iene-l ,3,5(10)-ol-17fl  
D-estratr iene-l ,3 ,5(10)-one-17 
D-2 -formylestratet raene-1,3,5 (10), 9 (11) -diol-3,17fl 
D-2-oximinomethylestratetraene-l ,3,5 (10),9(11)-diol-3,17fl 
D-pyrazolo [3,2-c ] estratetraene-1,3,5 (10), 9 (11 ) -ol-17fi 
D-2 -methyleneestradiene-4,9-ol-  17fl-one-3 
D-estradiene-4,9-diol-3,17fl 
D -2or -methylestradiene-4,9-diol-3,17/3 
D-2-spi ro-  (A'-pyraz olino-3)-estradiene--4,9-ol-17fl-one-3 
D-2-spiroeyclopropanoestradiene-4,9-ol-17fl-one-3 
Acid oxalate of D-2(~-dimethylaminomethylestradiene-4,9-ol-17~-one-3 
D-3- L-oximinoest radiene-4, 9-o1-17fl 
D-3 -es t ra t r iene-1,3 ,  5 (10) -oximinoes tradiene-4,9 -ol-17fi 
D-2-cyanomethylestradiene-4,9-ol-17fl-one-3 
D-3-L-oximino-Z-methyleneestradiene-4,9-o1-17fl 
D-estradiene-4,9-ol-17fl-one-3 
D-17f~-ac etoxyestradiene-4,9-one-3 
D-6-chloro-17a-acetoxy-1 a,2 ~-methylene-pregnandiene-4,6-dione-3,20 
D-17a-acetoxy-2-methylenepregnene-4-dione-3,20 
DL-es t ra t r iene- l ,3 ,5  (10)-diol-3,17fl 
D-estrone-5 (10)-diol-3,17fl 
D-5 a-adrostanol-3~-one-17fl  
D-5-adrostanol-3fl-one-17 
2-hydr oxyphenanthrene 
p-hydroxyazobenz ene 
DL-D-homoestrapentaene-1,3,5 (10), 6,8 -ol-3-one-17a 
DL- 14 fl- D -hom oes trapentaene -1,3,5 (10 ), 6,8 -o1-3 -one- 17 a 

method [10]. The change in f ree  binding energy (z~G) of estradiol (E 2) with the receptor  (R) was calculated from 
the second law of thermodynamics AG = ~H-TAS and, as a consequence of i t ,  AG = - R T  lnKas. The relative 
affinity of the test  steroids was determined by the method described previously [2l, with linearizing of the 
standard curve in logarithmic coordinates. 

E X P E R I M E N T A L  R E S U L T S  AND D I S C U S S I O N  

During analysis of the breakdown of the E 2 -R  complex of the cytosol of the guinea pig uterus on incuba- 
tion with excess of unlabeled E 2 at 30~ fast and slowly dissociating components of the reaction mixture were 
found, and Table 2 gives the velocity constants of dissocation (k-l) and the half-life of the E 2 -pro te in  complex 
(T1/2). The fast-dissociating component was a nonspecific complex. The parameters  of dissociation of this 
complex, as determined in the present  experiments,  were the same as those given in the l i terature [8]. To test 
that dissociation of the E 2 -R  complex (formed at 30~ on temperature,  its behavior was analyzed at 0~ No 
appreciable dissociation was observed under these conditions. 

Pre l iminary experiments [1] showed that equilibrium in the E 2 -R  system of the cytosol of the guinea 
pig uterus was reached after 30 rain. The stability of the E2-R complex at equilibrium lasted for 5 h. 
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In the p r e sen t  invest igat ion the the rmodynamic  p a r a m e t e r s  of E 2 - R  in teract ion were  studied during 
incubation for  5 h at 30~ The values  of the assoc ia t ion  constants  (Kas), changes in the f r e e  binding energy 
in the reac t ion  of E 2 - R  in terac t ion  (AG), and data on the number  of binding s i tes  calculated pe r  cell  (Q) a r e  
given in Table  2. 

The values  obtained for  Kas at  30~ differed by an o rde r  of magnitude f r o m  the s a m e  values for  the 
rabbi t ,  ra t ,  and human u terus  [7, 8]. Data in the l i t e r a tu r e  on the E 2 - R  concentra t ion of the cel l  a r e  analogous 
to those  given in Table  2 [9]. The change in the f r e e  binding energy,  calculated f rom the exper imenta l  values  
of Kas point to a de te rmin ing  ro le  of hydrogen bonds in the fo rmat ion  of the E 2 - R  complex  of the u ter ine  cy to-  
sol, was  in full a g r e e m e n t  with the view e x p r e s s e d  in the  l i t e r a tu r e  on s t e r o i d - p r o t e i n  in teract ion [6]. 

When the affinity of var ious  compounds with a known veloci ty  of in teract ion with the R sy s t em was 
studied under  c lose  to equi l ibr ium conditions,  the maximal  allowable incubation t ime  (because of the s tabi l i ty  
of the complex) was chosen to be 5 h. 

The c h a r a c t e r i s t i c s  of affinity of 39 compounds (the nomencla ture  of these  compounds is given in Table  
2) a r e  shown in Table  3; 14 of them were  studied prev ious ly  under  different  conditions of incubation, namely  
30 rain [2], and 25 compounds were  chosen fo r  the f i r s t  t ime.  The c h a r a c t e r i s t i c s  of affinity a r e  exp re s sed  
as m o l a r  pe rcen tage  re la t ive  to the affinity of E2, and as values  of the equi l ibr ium assoc ia t ion  constants  for  
the reac t ion  of in terac t ion  between the t es t  s te ro ids  and the r ecep to r  s y s t e m  of the  uterus .  

Compar i son  of the resu l t s  of incubation fo r  30 min and 5 h points to the absence  of any significant  changes 
in the pe rcen tage  affinity of mos t  s te ro ids .  Essent ia l  changes were  observed  for  es t rad io l  17f l -valer ianate  and 
1 7 a - e t h i n y l e s t r a d i o l ,  for  2 - a n d  4 - B r - e s t r a d i o l s  and, probably,  in the case  of the 17f l -valer ianate  they can 
probably  be explained by metabol ic  convers ion  of this s te ro id  during prolonged incubation, whereas  fo r  the 
other  compounds they can be explained by the ra t io  between the p a r a m e t e r s  of the kinet ics  of fo rmat ion  of 
r e cep to r  complexes  with es t rad io l  and the above-ment ioned  p repa ra t ions .  Among the nonsteroid  compounds,  
a lengthening of the incubation per iod in pr inc ip le  inc reased  the pe rcen tage  affinity of d ie thyls t i lbes t rol ,  so 
that  a more  care fu l  ana lys i s  of the kinet ics  of the binding of this compound is required.  

The  pe rcen tage  affinity of s e v e r a l  compounds (2,3,5,6,8,11-14 - see  Table 3) showed no significant change 
when incubation was prolonged f r o m  30 min to 5 h, evidence of the p r e s e n c e  of equi l ibr ium in the E 2 - S - R  
s y s t e m s  (S r e p r e s e n t s  the t es t  compound), and just i f ies  the calculat ion of Kas in these  cases  only. 

On the bas is  of these  resu l t s  ce r t a in  views exp re s sed  prev ious ly  on the rules  governing the fo rmat ion  
of the s t e r o i d - r e c e p t o r  complex in the cytosol  of the guinea  pig u terus  can be widened. An essent ia l  condition 
for  ac t ive  in te rac t ion  between the s te ro id  molecule  and r e c e p t o r  is in tegr i ty  of the th i rd  phenolic and 17fl- 
hydroxyl  groups;  these  hydroxyl  groups ,  m o r e o v e r ,  a r e  unequal in impor tance ,  f o r  if the hydroxy l  group is 
r emoved  f r o m  the phenolic posit ion the act ivi ty of the R complex  thus fo rmed  is only half that  of the compound 
fo rmed  by r e m o v a l  of the 17th hydroxyl  group (compound No. 11, 13). Removal  of the hydroxyl group in pos i -  
tion 3 and s imul taneous  oxidation of that in posit ion 17 reduces  the act ivi ty of E2-R in teract ion st i l l  m o r e  
(compound No. 14). 

Modification of the s te ro id  molecules  in posi t ions 17 and 3 also reduces  the act ivi ty  of complex  f o r m a -  
tion. The r e su l t s  of this invest igat ion revea led  that  the degree  of this d e c r e a s e  depends in a definite manner  
on the c h a r a c t e r  of the modification.  F o r  instance,  r emova l  of the OH group in posit ion 17 (compound No. 11) 
reduces  the act ivi ty  of complex  fo rma t ion  much m o r e  than oxidation or es te r i f ica t ion  with va le r i c  acid. Re-  
moval  of the OH group in posi t ion 3 sharp ly  reduces  S - R  in teract ion (compound No. 13), whereas  es te r i f i ca t ion  
with benzoic acid (compound No. 6) reduces  this in terac t ion  much less .  

Additional informat ion  was obtained on the effect  of the immedia te  surroundings  of the pr incipal  func-  
t ional  groups on binding. F o r  instance,  introduction of an ethinyl group in the 17a posi t ion only sl ightly r e -  
duced E - R  in terac t ion  (compound No. 4), whereas  introduction of a hydroxyl group in posi t ion 16cg (compound 
No. 8) and b romina t ion  in posi t ion 4 (compound No. 9) changed the affinity of the s te ro id  by an o rde r  of magni -  
tude. Brominat ion  in posi t ion 2 (compound No. 10) had an even g r e a t e r  effect  on the phenolic hydroxyl  group. 

Modification of the s t e ro id  skeleton a f t e r  s imul taneous introduction of subst i tuents  in posi t ion 2 and with 
in tegr i ty  of the 3-  and 17fl-hydroxyl g roups  sharp ly  reduced binding (compound No. 15). 

The m i r r o r  i s o m e r  of es t rad io l  (compound No. 12) binds with the r ecep to r  by two o rde r s  of magnitude 
l e s s  s t rongly  than its biological ly ac t ive  analog. 
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TABLE 2. 
Guinea Pig  Uterus  (M • m) 

Component 

Specific 
Nompecific 

Phys icochemical  Charac te r i s t i c s  of Estradiol  Receptor  System of Cytosol of 

,01 O, - _  

I Iq, thou- 
K+t,seS,.M. * AG, kJ/ }sands of mole I sites per 

t ~etl, n = 

Legend. 1. In each exper iment  t i ssue f rom 50 animals was used. 2. Values of T1/2, 
k+l, and AG were  calculated f rom the corresponding mean values of k-  1 and Kas. 

TABLE 3. 
System of Cytosol  of Guinea Pig  Uterus (M �9 m) 

No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

15--31 
and 33--39 

32 

Charac t e r i s t i c s  of Affinity of Cer ta in  Compounds for  Es t rad io l -Recep tor  

Compound 
Incubation for 30 
rain, molar % of 
affinity 

54,19_6,84 
t00 

70,55+3,94 
88,05-7.-2,17 
24,594-4,25 
22,63-1-2.23 
7.914-1.01 
9,96~2.34 
2,62-.~-0,44 

1,47-~-0.23 
t,35~-0.10 
O,444-0.06 
0.19~_0.09 

Diethylstilbestrol 
~tradiol 
Dihydrostilbestrol 
17 a-Ethinyle~tradiol 
Esttone 
Estradiol 3-benzoate 
Estradiol 17B-valerianate 
Estriol 
4- Bt-estradiol 
2- Br-estradiol 
17-Deo.xyestradiol 
L-~-st radml 
3-Deoxyestrone 
3-Dr 

See Table i 
D~L-estradiol 

Incubation for 5 
h. molar % of 
affinity 

202,63-t-11,25 
100 

69,814-5,51 
66,134-3,61 
18,384-1.72 
22,034-1,86 
17.19-I-1,56 
8,06+0,83 
4,90-4-0,55 
3,14+0,56 
1,38__0,11 
1,034-0,36 
0.62_0.11 
oA5•  

<0.15 
4424-10,2 

K a $  p M - I  

(0,390+0,053)x 109 
(0,265-4-0,023) x 10 ~ 

(0,536-1.-0,~5) x 188 
(0,765__0,067) x 108 

(0,2234-0,018)X IO s 

(0,481 4-0,028) X 107 
(0,3004-0,080) • ! 07 
(0,208~0,037) • 10 ~ 
(0.511 4-0,048)X lO s 

Among the nonsteroid compounds,  the unique p roper t i e s  of the diethyls t f lbestrol  molecule will be noted, 
f o r  among all the compounds investigated it h a d t h e  highest  affinity f o r  the R sys tem of the guinea pig u te rus .*  
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