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1. The chick oviduct cytosol progesterone receptor, when complexed 
with ligand, can be exposed to urea concentrations as high as 3 M (at O'C) 
without loss of steroid binding capacity. The ligand dissociation rate is 
increased 3 10 fold under these conditions. 

2. The "native" 8 S form of the receptor is progressively converted to 
a 4 S species by urea (? 2 M) as seen in ultracentrifugation analysis. This 
conversion is inhibited by Na MOO (5-50 mM) suggesting that molybdate sta- 
bilizes the 8 S molecule by dfrece interaction. 

3. At urea concentrations above 2 M, the ligand-free receptor looses 
progressively its binding capacity. The "transformed", 4 S receptor was less 
stable than the 8 S species, and could not be protected by molybdate. 

Previous studies (l-3) on the process of "activation" ("transformation") 

of the chick oviduct progesterone receptor have led us to the hypothesis 

that activation may be equivalent to the separation of the subunits (sedi- 

mentation coefficient % 4 S) present in the non-transformed ("native") 

8 S molecule. The latter can be stabilized by molybdate (5-50 mM) in a form 

sedimenting at z 8 S (4, 5). Similar effect of molybdate (as well as of 

vanadate and tungstate) can be seen with most or all steroid hormone recep- 

tors. The mechanism of action of these anions is not clear at present ; it 

has been suggested that it may due to inhibition of phosphatase activity 

(6, 7), or to direct interaction with the receptor molecule (8, 9). In this 

paper we report data showing that urea can convert the 8 S-progesterone 

receptor molecule to a 4 S form and that molybdate inhibits this process, a 

finding that suggests a direct interaction and stabilization of the 8 S 

species. 

MATERIALS AND METHODS 

Chemicals : [1,2,6,7-3H]progesterone (80-110 Ci/mmol) was from CEA (Saclay, 
FFance).Progesterone was a gift from Roussel-Uclaf (Romainville, France), 
Other chemicals (analytical grade) were from usual commercial sources, 
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Animals and tissue fractionation : Chickens (5 days old ; Warren strain) 
were primed with 10 dally injections of oestradiol benzoate in sesame oil 
(1 mg/day). Before being killed, they received additionnally three to five 
daily injections of the oestrogen (5). The magnum portion of the oviduct 
was excised and homogenized in 4 vol. of Tris (10 mM)/EDTA (1.5 mM) buffer 
containing I2 mM-thioglycerol and 10 % glycerol, pH 7.4 (TE buffer), or in 
the same buffer containing 20 mM-Na MOO (TE-M buffer), by using an Ultra- 
Turrax tissue disintegrator. This aid afl further operations were carried 
out at 0-4°C. Phenylmethanesulphonyl fluoride was added to the homogenate 
to a final concentration of 0.3 mM. The cytosol was obtained by ultracentri- 
fugation at 100 000 g for 60 min. 

Activation of progesterone-receptor : Cytosol in TE buffer was incubated at 
72°C for 16 h with 0.3 M KC1 (1). When necessary, KC1 was subsequently 
removed by gel filtration on Tris-acryl GF05 at 0°C in the TE buffer. 

Labelling of receptor :3Receptor-hormone complexes were usually formed by 
incubation with 20 nM-[ Hlprogesterone for l-4 h at 0°C. Under these condi- 
tions, 80-90 % of all receptor binding sites are saturated. Cortisol (1 uM) 
was included in the incubation medium to eliminate binding of labelled 
progesterone to contaminating plasma transcortin and glucocorticosteroid 
receptor (19). 

The unbound hormone was removed by charcoal (0.25 %)/dextran (0.025 %)/ 
gelatin (1 mg/ml) adsorption (10 min at O'C) and centrifugation (5 min at 
OOC) ) . 

Non-specific binding was always monitored by parallel incubations with 
a loo-fold excess of unlabelled psogesterone. In all cases, non-specific 
binding was < 10 % of the total [ Hlprogesterone binding. 

To determine the concentration of the binding site3, 20 ul of sample 
were added to tubes containing either 200 uJ of 20 nM [ HIprogesterone (to 
measure total binding) or 200 ul of 20 nM [ Hlprogesterone plus 2 uM 
unlabelled progesterone (to measure non-specific binding). The steroid solu- 
tions were made in TE-M buffer. Incubation was carried out for 16 h at 0°C 
and the protein-bound radioactivity was determined by the charcoal adsorp- 
tion technique as described above (5). The incubates contained urea at 
concentrations up to 0.6 M ; we have verified that this did not affect the 
results. In fact, even the presence of 3 M urea did not cause a detectable 
underestimation of the concentration of the receptor, probably because the 
on-rate of the complex formation is much faster than the urea-dependent 
receptor inactivation. 

Dissociation kinetics : 
aescrlbed above 

[3H]progesterone-receptor complexes were formed as 
; urea and KC1 concentrations were adjusted according to 

the experimental design, Dissociation of the radioactive ligand was ini- 
tiated by adding a 500-fold excess of radioinert progesterone in ethanol 
(10 ul/ml of receptor containing solution , Incubation was carried out at 
0°C. At differents times, aliquots (100 u i ) were removed and the receptor- 
bound radioactivity was determined as described above. Decrease of the 
receptor binding capacity was studied in parallel incubations where addi- 
tion of the unlabelled hormone was omitted. 

(TE buffer t 0.15 M KC1 t 50 mM Na Mo04), 
rotor at 0°C at 50,000 rev/ min fo F 

and ritracentrifuged in an SW 60 
15-16 h, [ C]BSA (2,000 cpm) was 

included in the samples as internal standard, Fractions (two drops) were 
collected manually after piercing the bottom of the tube, The receptor was 
identified by direct counting of the collected fractions. 
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Fi ure 1. Effect of 3 M urea agd 3 M urea plus 0.3 M KC1 on stability and 

issoclatlon kinetics of the [ Hlprogesterone-receptor complexes. 
Cytosol was prepared in the TE buffer and incubated with 20 n!l 

i3H]prbgesterone. To one portion of this preparation Na MOO was added to a 
concentration of 20 m!l (0, o), and KC1 concentration wa P adjusted to 0.3 M 
in both samples. The mixtures were incubated at 0°C for 16 h. Urea 3 M was 
then added to aliquots of each solution and the incubation was continued 
for another 3 h. The solutions were jgain divided in portions for the study 
of the rate of dissociation of the [ HIprogesterone-receptor complexes. 
Control of stability of the complexes was carried out in parallel (for more 
detajls see Materials and Methods). The results are expressed as log (percent 
of [ Hlprogesterone bound to receptor at'zero time). 

Circles : samples containing 20 mV Na MOO ; triangles : samples 
without molybdate ; solid symbols : 0.3 M EC1 ?lone ; open symbols : 0.3 Y 
KC1 t 3 M urea ; dashed lines : dissociation kinetics ; solid lines : 
stability controls ; arrow : time of3addition of excess unlabelled proges- 
terone to initiate dissociation of [ Hlprogesterone. 

Cytosol was prepared in the TE-M buffer and incubated with 20 nY 
i3Hlprogesterone. Urea was thgn added to a concentration of 3 Y and the 
rate of dissociation of the 1 HIprogesterone-receptor complexes was measu- 
red ( m--q ). Control of stability of the complexes ( H----H ). 

RESULTS 

Stability and dissociation kinetics of the receptor-ligand complexes 

In the first series of experiments (Fig. l-insert) we established that 

incubation with as much as 3 M urea for several hours at 0°C does not de- 

crease the concentration of the pre-formed [3H]progesterone-receptor com- 

plexes. However, under these conditions urea has a destabilizing effect on 

the receptor molecule as can be judged by the fact that the half-life of 

dissociation of the ligand is % 2 h at 0°C (vs 'L 20 h for the 8 S non- 

transformed and % 50 h for the 4 S, transformed progesterone receptor 

(1, 5)). When 0.3 M KC1 was included in the incubation mixture together 
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with 3 M urea, about 40 % of the C3Hlprogesterone binding was lost within 

2 h at 0°C (Fig. 1). Afterwards, the binding capacity continued to decrease 

but with a lower rate so that the denaturation curve shows two components. 

Under these conditions, molybdate (20 mM) did not protect the [JH]proges- 

terone-receptor complex against denaturation. Dissociation kinetics in the 

presence of 0.3 M KC1 and 3 M urea was similar to that observed in 3 M urea 

alone. Molybdate had no effect on the rate of dissociation under any of 

these conditions (Fig. 1). Incubation of the r3Hlprogesterone-receptor 

complex with 3 M urea f  0.3 M KC1 resulted in a complete transformation of 

the complex to the 4 S-sedimenting species within 3 h at O"C, irrespective 

Of the presence or absence of 20 mM Na2Mo04 (data not shown). 

8 S + 4 S transformation 

We next examined the effect of 1 h incubation at 0°C with various 

concentrations of urea in the presence or absence of 20 mM Na2Mo04 on the 

sedimentation coefficient of the [3Hlprogesterone-receptor complex. Here, a 

clear protective effect of molybdate was seen (Fig, 2) : the half-effective 

concentration of urea (i.e. that causing 50 % of the ['Hlprogesterone- 

receptor complex to be converted into the 4 S form) was 2.2 M in the 

absence and 3.0 M in the presence of molybdate. It is to be noted that in 

neither case did < 3 M urea cause any loss of total (8 S t 4 S) receptor- 

bound [3H1progesterone. Molybdate concentrations between 5 and 50 m!l were 

equally effective when tested with 2.75 M urea (data not shown). In some 

experiments the conversion of the 8 S to 4 S form by urea was studied in 

the absence of ligand. The results obtained were the same as with the 

receptor-hormone complex (Fig. 2). 

Inactivation of unoccupied receptor binding sites 

These experiments were carried out with two sorts of receptor prepara- 

tion. In one series, the cytosol was adjusted to 0.3 M KC1 and incubated 

for 16 h at 0°C in order to "activate" the receptor (1) ; KC1 was subse- 
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Concentration of urea [M] 

Figure 2. 8 S + 4 S transformation of the ['HIprogesterone-receptor com- 
plexes by urea. 

Cytosol was prepared in the TE buffer and incubated with r3H]pro- 
gesterone. The effect of 1 h incubation at 0°C with various concentra- 
tions of urea in the presence (circles) or absgnce (triangles) of 20 ml1 

on the sedimentation coefficient of [ Hlprogesterone-receptor 
(solid symbols) was studied by ultracentrifugation in sucrose 

gradients. The concentration of Na Ho0 was adjusted in all samples to 
20 m?l, prior to being layered on tie s&rose gradients. Samples containing 
urea were diluted with buffer so that the urea concentration was < 1 M in 
the solution deposited onto the gradient. 

For the experiments with ligand-free receptor (open symbols), the 
samples were igcubated for 1 h at 0°C with buffers containing urea and then 
labeled with [ HIprogesterone. 

Figure 3. Inactivation of progesterone binding sites of the unoccupied 
transformed progesterone-receptor by urea. 

Cytoso? was prepared in the TE buffer and KC1 was added to a con- 
centration of 0.3 M. After incubation for 16 h at O"C, the sample was 
chromatographed on a desalting column (Tris-acryl GF 05). The void volume 
fraction was pooled and incubated with various concentrations of urea for 
1 h at 0°C in the presence (0) or absence (A) of 20 mM Na MOO . The resi- 
dual progesterone binding capacity of the progesterone-re$ept& was tested 
as described in Materials and Methods, 

quently removed on a desalting column. Another series of data was obtained 

with the non-activated receptor, i.e. kept at 0°C and at low ionic strength. 

These two kinds of cytosol were incubated for 1 h at 0°C with various urea 

concentrations, in the absence or presence of 20 mM Na2Mo04, prior to 

determination of the concentration of the receptor binding sites, The 

results of these experiments are represented in Figure 3 and 4. Molybdate 

had no noticeable protective effect on the transformed receptor binding 

sites (Figure 3) (half-effective concentration of urea Q 2.6 M). The non- 

transformed receptor was more resistant to inactivation (Figure 4a) (half- 

effective urea concentration % 3 M), In this case, molybdate had none 
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Concentration of urea [M] 

Figure 4. Inactivation of progesterone binding sites of the unoccupied non- 
transformed progesterone-receptor. 

Cytosol was prepared in the TE buffer and incubated at 0°C with various 
concentrations of urea for 1 h (a) and 2 hs (b) in the presence (0) or 
absence (A) of 20 mM Na$loO$. The residual binding capacity of the proges- 
terone-receptor was tes ed s described in Naterials and Yethods. 

or only marginal effect during 1 h incubation, However, when the same expe- 

riment with non-transformed receptor was carried out for 2 h at 0°C (Fig. 

4b), the effect of molybdate became more apparent, the half-effective 

coricentration of urea being 'L 2.5 M without molybdate, % 2.75 M with 

molybdate. Increasing the concentration of molybdate (up to 750 mM) did not 

result in a greater protection of the binding sites against urea inactiva- 

tion (data not shown). The inactivation curve observed for 2 h incubation 

without molybdate is the same as that for the transformed receptor (Fig. 

3)., and it was verified that under these conditions (absence of ligand), 

Q 70 % of the receptor was converted to the 4 S species within 1 h at 0°C 

in 2.5 M urea (Fig. 2). 

DISCUSSION 

The studies of denaturation of oligomeric proteins have the advantage 

that they permit the detection of early interactions with urea, i.e. pro- 

bably those which influence the functional domains of the protein. Such 

interactions are probably formed late in the course of protein folding, 

and are the first to be disrupted when exposed to a denaturing agent. A 

possible hierarchy of protein folding has been suggested (11). 
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The experiments described here allow to drawn certain conclusions con- 

cerning the structure of the chick oviduct progesterone receptor and its 

interaction with molybdate. 

1. Molybdate probably interacts directly with the receptor molecules. 

It is difficult to explain otherwise the fact that it inhibits the 3 S 

-f 4 S transformation induced by urea, The interaction is stronger with the 

non-transformed than with the transformed receptor. An attractive hypothesis 

is that the molybdate ions intercalate between neighbouring portions of the 

subunits forming the 8 S complex and tighten their association by introdu- 

cing an additional bond, since molybdate is known to form at neutral pH, 

labile coordination complexes where two MO atoms binds light radicals such 

as-SH or-NH 2 groups or H20 molecules (vanadate and tungstate can form 

similar structures). High urea concentrations (> 3 M) can overcome the 

forces holding the 8 S complex together, probably by unfolding the native 

protein configuration. Raising the ionic strength of the medium amplifies 

the effect of urea (a fact known for other systems) ; this may be a conse- 

quence of destabilization of the ionic bonds implicated in the tertiary and 

quaternary structure of the protein. 

2. There may be a difference in the configuration of the binding 

domain (the binding site itself plus the neighbouring regions of the 

receptor molecule) of the non-transformed and transformed receptor as 

inactivation of the binding site of the former occurs at a higher urea 

concentration, Alternatively, the native configuration of the binding site 

may be stabilized by inter-chain bonds, absent in the transformed receptor, 

Molybdate does not protect the binding site directly since it has no effect 

in the case of the 4 S form. Protection by molybdate of the non-transformed 

receptor results probably from stabilisation of the quaternary structure of 

the 8 S molecule. 

3. Receptor complexed with a ligand is more resistant against inacti- 

vation of the binding site by urea than unoccupied receptor, One interpre- 

tation of this finding is that progesterone-receptor interaction may 
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involve hydrogen bond(s), In fact, existence of two H-bonds was suggested 

for the binding of progesterone to the receptor from rabbit uterus, in 

order to account for the free enthalpy change associated with the process 

of dissociation of the complex (12). (Urea probably attacks the receptor 

molecule at several points, but only those within the binding domain 

could be detected in our experiments), 

Another interpretation of the stabilizing effect of ligand in urea 

inactivation studies is a change of the receptor conformation upon binding. 

The two alternatives are not mutually exclusive, and at this moment neither 

of them can be refuted. The presence of a ligand has been known to protect 

the binding site of steroid hormone receptors against denaturation (1, 13) ; 

this however may be simply a consequence of strengthening of the protein 

structure at the binding domain by all the bonds (ionic, hydrogen, van der 

Waals, hydrophobic) involved in ligand binding. In contrast, the 8 S + 4 S 

transformation by urea is not influenced by the presence of ligand at the 

binding site. 

Beside the chick oviduct progesterone receptor, the estrogen receptor 

from mammalian uterus (14, 15) and avian oviduct (16) nuclei have also been 

shown to be stable at concentrations of urea as high as 4 M. These obser- 

vations have also practical implications. Since the receptor-ligand complex 

resists 3 M urea, urea can be included in the buffers used at receptor 

purification by affinity chromatography. We have obtained preliminary 

results showing usefulness of this procedure (manuscript in preparation). 
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