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In  h y p o t o n i c  cell  e x t r a c t  (cy toso l ) ,  u n l i g a n d e d  p r o g e s t e r o n e  r e c e p t o r  ( P R )  is k n o w n  to f o r m  a n  
o l i g o m e r i c  c o m p l e x  w i t h  h e a t  s h o c k  p r o t e i n  90 (hsp90) ,  a n d  th i s  c o m p l e x  does  no t  b i n d  to D N A .  S ince  
l i g a n d  b i n d i n g  h a s  b e e n  s h o w n  to  r e n d e r  t he  c o m p l e x  less  s t a b l e  in vitro, i t  h a s  b e e n  p r o p o s e d  t h a t  
l i g a n d  b i n d i n g  r e g u l a t e s  D N A  b i n d i n g  a n d  r e c e p t o r  a c t i v i t y  in v ivo  b y  a l t e r i n g  the  s t a b i l i t y  o f  t he  
o l i g o m e r i c  c o m p l e x .  H o w e v e r ,  t h e r e  is no  d i r e c t  e v i d e n c e  as to  w h e t h e r  th i s  o l i g o m e r i c  c o m p l e x  is 
p r e s e n t  in vivo. T h e  p r e s e n t  s t u d y  a d d r e s s e d  th i s  p r o b l e m .  F i r s t ,  we u s e d  an  i m m u n o e l e c t r o n -  
m i c r o s c o p i c  t e c h n i q u e  a n d  m o n o c l o n a l  a n t i b o d i e s  to  a s c e r t a i n  t he  l o c a t i o n  o f  P R  a n d  hsp90  in ch ick  
o v i d u c t  cells .  H s p 9 0  was  f o u n d  in t he  c y t o p l a s m  a n d  P R  in the  nuc l eus .  To  s t u d y  the  r e l a t i v e  a f f in i t i es  
o f  t he  P R  a n d  hsp90  a n t i b o d i e s ,  we t h e n  c o n s t r u c t e d  a c h i m e r i c  p r o t e i n  ( P R - h s p 9 0 ) ,  w h i c h  was  
e x p r e s s e d  in t h e  H e L a  cells .  B o t h  hsp90  a n d  P R  a n t i g e n s  o f  the  c h i m e r a  w e r e  d e t e c t e d  in t he  nuc le i  
w i t h  t he  s a m e  i n t e n s i t y ,  w h i c h  i n d i c a t e s  t h a t  t he  a n t i b o d i e s  h a v e  e q u a l  s ens i t i v i t i e s  in d e t e c t i n g  t h e i r  
a n t i g e n s .  T h i s  s u g g e s t s  t h a t  i f  s i g n i f i c a n t  a m o u n t s  o f  n u c l e a r  hsp90 w e r e  p r e s e n t  in i n t a c t  cells,  i t  
s h o u l d  h a v e  b e e n  d e t e c t e d  b y  o u r  m e t h o d .  O u r  r e s u l t s  i n d i c a t e  t h a t  t he  P R  does  no t  ex i s t  in vivo 
as a n  o l i g o m e r i c ,  n o n D N A - b i n d i n g  f o r m  in t he  cell  nuc l e i  a n d  t h a t  t he  o l i g o m e r i c  f o r m  f o u n d  in 
t i s sue  e x t r a c t s  is p o s s i b l y  f o r m e d  d u r i n g  t i s sue  p r o c e s s i n g .  
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I N T R O D U C T I O N  

T h e  chick oviduct progesterone receptor (PR) exists in 
two forms, A (Mr = 72,000) and B (Mr = 86,000) [1, 2]. 
In  hypotonic cell extract, unliganded PR is known to 
form an oligomeric complex, which sediments as 8S in 
sucrose gradient centrifugation and which does not 
bind to D N A  in vitro [3-5]. This  complex is composed 
of one molecule of  PR (either A or B form) and two 
molecules of  90-kDa heat shock protein (hsp90) [6]. 
Elevated salt conditions and progesterone are able to 
promote  dissociation of the oligomeric complex and the 
resulting complex sediments as 4S in sucrose gradient 
and can bind to D N A  in vitro [5]. There  are also other 
proteins (hsp70, p60, p54, p50 and p23) which copurify 
with unliganded steroid receptors, but  it is not known 
how these interact with the receptors [7-9]. 

Immunohis tochemical  studies revealed that chicken 
PR is located in the nucleus independently of  the 
presence of the ligand [10-14]. Therefore  a nuclear 
location of hsp90 would be expected if hsp90 were 
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bound to PR in the nucleus in vivo. Hsp90 has however 
been shown to be located in the cytoplasm [10, 15-17] 
or in both cytoplasm and nucleus [18]. We have 
recently shown, using a new immunohistochemical  
technique which minimizes the possibilities of  redistri- 
bution of soluble proteins, that PR is located exclu- 
sively in the nucleus and hsp90 in the cytoplasm [19]. 
This  would suggest that PR is not associated with 
hsp90 in intact cell nuclei. In the present work we have 
studied the subcellular location of hsp90 and PR at the 
electron-microscopic level and compared the sensitivity 
of  the antibodies against these respective components.  

EXPERIMENTAL 

Animals and treatments 

Immatu re  chicks received daily injections of  estra- 
diol-17fl (1 mg/0.1ml ethanol-sesame oil) for 1 week. 
After a withdrawal period of 1 week, the chicks were 
killed and oviduct samples immediately removed. 

Antibodies 

Mouse monoclonal antibody, PR22, made against 
progesterone receptor was used. PR22 recognizes both 
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the A and B forms of PR [20, 21]. The antibody against 
hsp90 was D7a [22], which recognizes hsp90 free and 
bound to PR [22, 23]. 

Fixation 

The specimens were fixed in ice-cold Faglu (4% 
paraformaldehyde and 0.2% glutaraldehyde in 0.1 M 
phosphate buffer, pH 7.4). The fixation time was 4 h at 
0°C. Fixed tissues were washed and stored in phos- 
phate buffer containing 0.05% sodium azide at + 4°C. 
Samples were mounted on a tissue holder and 
immersed in agarose gel (FMC Corporation Rockland, 
ME, U.S.A.) before cutting into 20 ~tm-thick sections 
by vibratome (Lancer, U.S.A.). 

Electron microscopy 

Using the immunoperoxidase technique the vibra- 
tome sections were processed with the primary 
antibodies diluted to a concentration of 1 #g/ml, 
a biotinylated secondary antibody and avidin- 
biotin complex (Vectastain Reagents, Vector Labs, 
Burlingame, CA, U.S.A.). The details have been 
described by Pekki and Tuohimaa [14]. 

When the immunogold-silver staining technique was 
used, the vibratome sections were processed using the 
primary antibody (DTa) diluted to a concentration of 1 
~tg/ml, the biotinylated secondary antibody, 5nm gold 
particles (Janssen Pharmaceuticals, Beerse, Belgium) 
coupled to streptavidin (450~tg/ml), and silver intensifi- 
cation. 

After immunostaining, the samples were processed 
for electron microscopy as described by Pekki [17]. 
Briefly, they were postfixed in glutaraldehyde and 
osmium tetroxide, embedded in Epon and cut with an 
ultratome (LKB Wallac, Sweden). 

To verify the specificity of immunostaining we made 
presaturation experiments with an affinity-purified B 
subunit of PR and immunopurified chicken hsp90 
kindly provided by Dr David Toft  (Dept. of Biochem- 
istry, Rochester, MN, U.S.A.). 

Recombinants 

Chicken hsp90 cDNA (a generous gift from Drs M. 
Catelli and E.E. Baulieu, Kremlin-Bicetre, France) was 
subcloned into the eucaryotic expression vector, pSG5 
[24]. A fusion protein between hsp90 and chicken PR 
(cPR-hsp2) was constructed by amplifying the 990 
N-terminal nucleotide of chicken hsp90 cDNA by PCR 
with XhoI restriction enzyme-cutting sites at both 
ends. The PCR product was cut with XhoI and ligated 
into the XhoI site of cPR21 (a generous gift from Dr 
H. Gronemeyer, Strasbourg, France). cPR21 is a pSG5 
expression vector containing the whole chicken PR 
coding region. The XhoI site is located immediately 
before the first A TG [25]. 

Transf  ections and immunohistochemical analysis of trans - 
fected cells 

The cDNAs were transiently expressed in HeLa cells 
by means of a standard calcium phosphate precipitation 

technique. After transfection, the cells were washed 
with PBS and fixed with 4% paraformaldehyde in PBS 
for 15 rain at room temperature. Thereafter, they 
were permeabilized by incubation for 40 min in 
0.5% Triton X-100. The cells were then incubated 
with 3% normal goat serum followed by antibodies 
PR22 or D7a. Biotinylated secondary antibodies and an 
avidin-biotin-peroxidase complex were used as a 
detection system. 

R E S U L T S  

P R  is a nuclear protein 

The intracellular location of nonliganded PR by the 
peroxidase technique is illustrated in Fig. 1. Using 
monoclonal antibody PR22, only nuclear staining of 
unliganded PR was detected in epithelial cells of the 
chick oviduct. Some of the apical nuclei of the epithelial 
cells were PR-negative [Fig. I(A)]. Although the im- 
munoreaction was intranuclear, there was no staining 

Fig.  1. I m m u n o p e r o x i d a s e  e l e c t r o n  m i c r o s c o p y  o f  u n l i g a n d e d  
P R  s t a i n e d  w i th  m o n o c l o n a l  a n t i b o d y  P R 2 2  in ch i ck  o v i d u c t  
ep i the l i a l  ce l l s .  (A)  P R  is i n t r a n u c l e a r .  P R - p o s i t i v e  and  
- n e g a t i v e  ce l l s  are  s e e n  in the  e p i t h e l i u m .  B a r  = 1 ~ m .  (B)  
P r e s a t u r a t i o n  c o n t r o l  for P R 2 2  s t a i n i n g  w i t h  p u r i f i e d  B - s u b -  
uni t  o f  P R.  No  s t a i n i n g  is seen .  N u c l e o l i  (sd) .  B a r  = 500 n m .  
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inside the nucleoli. T h e  specificity of  the immunoreac-  
tion was verified by presaturat ion of the pr imary  anti- 
body with purified PR-B.  No staining was seen [Fig. 
I(B)]. 

Hsp90 is a cytoplasmic protein 

Using the immunogold  technique with ant ibody 
D7a, hsp90 staining was observed in the cytoplasm of 
the chick oviduct epithelial cells [Fig. 2(A)]. T h e  nuclei 
of  the epithelial cells were hsp90-negative. In  the 
control staining using D7a presaturated with affinity- 
purified 90K, no staining was observed [Fig. 2(B)]. 

Hsp90 and PR antibodies are equally sensitive in detecting 
their antigens 

T o  demonstrate  the relative sensitivity of  the im- 
munohistochemical  detection of hsp90 and PR, we 
constructed a chimeric molecule between PR and 

D 

Fig. 2. I m m u n o g o l d  staining of  hsp90 with ant ibody  D7a  in 
e s t r o g e n - w i t h d r a w n  chick ov iduct  epithel ia l  cells.  Gold par-  
t icles  (Snm) are s i lver- intensi f ied.  (A) Hsp90 is in the cyto-  
p lasm.  Bar  = 500 nm.  (B) The specif ic i ty  of  the 
i m m u n o s t a i n i n g  was  s tudied by h i s t o c h e m i c a l  s taining with 
ant ibody  D7a presa turated  with purif ied 90K. No staining is 

seen.  Bar  = 1 /~m. 
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Fig. 3. Relative detect ion sensit iv i t ies  of  the m o n o c l o n a l  
anti-PR (PR22) and anti-hsp90 (D7a) antibodies .  A fusion 
prote in  between  hsp90 and PR (cPR-hsp2) was trans ient ly  
expres sed  in HeLa cells. When the cells  were  s tained with 
PR22 (A) and D7a (B) at an ant ibody  concentrat ion  of 1 
p g/ml, nuclear  staining of equal intensi ty  was detected.  When 
the ant ibody concentrat ion  was decreased  to 25 ng/ml, the 
staining intens i ty  b e c a m e  equally weak with PR22 (C) and 
DTa (D). It should be noted that figure pairs  A/B and C/D 
represent  adjacent  areas of the s a m e  culture  dish. Filled 
arrows  point  to P R - h s p 9 0 - e x p r e s s i n g  cell  nuclei  and open 
arrows  to cell nuclei with nondetec table  a m o u n t s  of  antigen.  

chicken hsp90 (cPR-hsp2).  This  chimera expresses an 
equal number  of  epitopes for the monoclonal anti- 
bodies PR22 (recognizing PR) and D7a (recognizing 
chicken but not human  hsp90 [23]). When H e L a  cells 
were transfected with cPR-hsp2  and stained with either 
PR22 or DTa at an ant ibody concentration of 1 #g/ml ,  
nuclear staining of equal intensity was detected with 
both antibodies [Fig. 3 (A and B)]. When  the ant ibody 
concentration was reduced to 25 ng/ml, the staining 
intensity was equally diminished with both antibodies 
[Fig. 3 (C and D)]. An equal decrease in staining 
intensity was observed when 20 # /ml  was used instead 
of 100 # /ml  of  peroxidase substrate. Both the PR and 
the hsp90 epitopes were undetectable when the anti- 
body concentration was below 25 ng/ml or the sub- 
strate concentration below 5/~g/ml. Immunob lo t  
experiments with cytosolic extracts of  the transfected 
H e L a  cells revealed a protein of  expected size as 
detected by PR22 and D7a, and the band was detected 
with equal intensity with PR22 and D7a [19]. These  
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resul ts  d e m o n s t r a t e  tha t  the  an t ibod ie s  are of  equal  
sens i t iv i ty  in de tec t ing  the i r  respec t ive  ant igens .  

D I S C U S S I O N  

I t  is wide ly  accep ted  tha t  hsp90  b inds  in vitro to mos t  
of  the  nuc lea r  h o r m o n e  recep to rs  and  regula tes  the  
b i n d i n g  of  s te ro id  recep to rs  to the  c o r r e s p o n d i n g  gene 
r egu la to ry  e l emen t  [26]. I t  has been  p r o p o s e d  tha t  
h o r m o n e  b i n d i n g  t r iggers  the  d issoc ia t ion  o f  hsp90  
f rom the recep to rs  and  this  resul ts  in an active r ecep to r  
[5]. T h e  o l igomer ic  fo rm of  P R  compr i ses  one molecu le  
o f  P R  and  two molecu les  o f  hsp90.  T o  ensure  tha t  all 
P R  molecu les  are c o m p l e x e d  wi th  hsp90  there  should  
be  a severa l fo ld  excess o f  hsp90  in the  nucleus  com-  
p a r e d  to PR.  In  the  p re sen t  work  we have shown that  
P R  is exc lus ive ly  in t ranuc lea r ,  whereas  hsp90  is a 
cy top l a smic  pro te in .  T h e  resul ts  are in ag reemen t  wi th  
those  of  ear l ier  i m m u n o h i s t o c h e m i c a l  s tudies  showing  
tha t  u n l i g a n d e d  and  l i ganded  P R  are in t r anuc lea r  
[10-14,  17, 19], whereas  hsp90  is loca ted  in the  cy to-  
p l a sm [10, 17, 19]. T o  s tudy  the  poss ib le  inf luence of  
the  d i f ferent  sensi t iv i t ies  of  the  an t ibod ies  to de tec t  
the i r  respec t ive  an t igens  we cons t ruc t ed  a ch imer ic  
h s p 9 0 - P R ,  wh ich  was t r ans ien t ly  expressed  in H e L a  
cells. Bo th  hsp90 and P R  an t igens  of  the  ch imera  were  
de tec ted  in the  nucle i  wi th  the  same in tens i ty ,  which  
d e m o n s t r a t e s  tha t  the  sens i t iv i ty  o f  the  i m m u n o h i s t o -  
chemica l  de t ec t ion  o f  hsp90  and  P R  d id  not  differ  
s ignif icant ly.  T h i s  indica tes  tha t  i f  s ignif icant  amoun t s  
of  nuc lea r  hsp90 were  p re sen t  in in tac t  cells, the  
p ro t e in  shou ld  have been  de tec ted  by  our  me t hod .  
Howeve r ,  our  i m m u n o h i s t o c h e m i c a l  f indings  suggest  
tha t  P R  and  hsp90 are not  associa ted  in the  in tac t  cell 
nucleus .  

Because  all P R  molecu les  are c o m p l e x e d  wi th  hsp90 
in t issue homogena t e s  (8S-PR) ,  it is poss ib le  tha t  they  
fo rm a complex  d u r i n g  t issue process ing .  T o  s tudy  this  
poss ib i l i ty ,  we p r e p a r e d  an hsp90- f ree  P R  by  h igh  salt 
t r e a t m e n t  of  the  chick ov iduc t  cy tosol  fo l lowed by  
dia lys is  [19]. Af t e r  d ia lys is ,  all hsp90 molecu les  
r e m a i n e d  d i ssoc ia ted  f rom P R  (4S-PR) .  W h e n  the 
n o n - l i g a n d e d  hsp90- f ree  P R  was r e h o m o g e n i z e d  wi th  
the  bu r sa  o f  F a b r i c i u s  o f  an i m m a t u r e  chick,  known  to 
conta in  h igh  amoun t s  o f  hsp90 bu t  no de tec tab le  PR,  
the  P R  was f o u n d  to fo rm a complex  wi th  the  hsp90.  
T h e  resul ts  are s u m m a r i z e d  in Fig .  4. T h e  fo rma t ion  
of  the  h s p 9 0 - P R  complexes  seems to r equ i re  non-  
l iganded  PR,  since no 8 S - P R  was obse rved  when  the 
l iganded  P R  was h o m o g e n i z e d  wi th  bursa .  T h i s  wou ld  
suggest  tha t  the  l igand  b i n d i n g  can p reven t  the  com-  
plex fo rmat ion .  I t  can there fore  be r easoned  tha t  p r o -  
ges te rone  a d m i n i s t r a t i o n  in vivo is more  l ikely to 
p reven t  the  fo rma t ion  o f  a h s p 9 0 - P R  complex  d u r i n g  
t issue p rocess ing  than  cause the  d issoc ia t ion  o f  a p u t a -  
t ive p r e - ex i s t i ng  8S complex .  O u r  resul ts  call into 
ques t ion  the p r o p o s e d  role of  hsp90 in the  ac t iv i ty  o f  
P R  and,  poss ib ly ,  o the r  s te ro id  receptors .  D u e  to its 
cy top la smic  c o m p a r t m e n t a l i z a t i o n ,  hsp90 cannot  be in 
complex  wi th  P R  in the  nucleus  and  thus  act as a d i rec t  

! MK J 
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Fig. 4. A schematic summary  of the present results and the 
homogenization study [19]. In the intact cells PR and hsp90 
are not complexed. In the cytosol the nonliganded PR com- 
plexes with hsp90 due to the homogenization. Treatment  of 
the cytosol with 0.3 M KCI for 2 h causes a dissociation of 
the hsp90 from the nonliganded PR. When the cytosol is 
rehomogenized with a fresh immature  chicken bursa of 
Fabricius, only the non-liganded PR reassociates with hsp90. 
The reassociation does not take place, when PR is liganded. 
The results suggest that PR released from the nucleus during 
tissue fractionation associates with cytoplasmic hsp90 and 
this association is probably prevented by structural  changes 

caused by the ligand. 

i nh ib i to r  of  P R  func t ions  by,  for  example ,  in t e r fe r ing  
wi th  D N A  b i n d i n g  or  t r ansc r ip t i on  ac t iva t ion .  O u r  
resul ts  do  not  exc lude  the poss ib i l i ty  tha t  hsp90 m a y  
have a role in pos t t r ans l a t iona l  modi f i ca t ion  or  chape r -  
on ing  [27] or  cy top la smic  t r a n s p o r t  [28] of  newly  
syn thes ized  r ecep to r  in the  cy top lasm.  F u r t h e r m o r e ,  it 
is not  exc luded  tha t  P R  du r ing  the shu t t l ing  [29] cou ld  
be associa ted  wi th  hsp90  in the  cy top lasm.  

Acknowledgements--We are grateful to Drs Pierre Chambon and 
Hinrich Gronemeyer for providing us with the chicken PR cDNA. 
We thank Dr David O. Toft (Rochester, MN, U.S.A.) for providing 
us with antibodies D7a and PR22 and the purified B-subunit of PR, 
Mrs Marketta Vuorinen for preparation of photographs and Mr 
Robert MacGilleon for revising the language. This study was finan- 
cially supported by grants from the Academy of Finland and the Emil 
Aaltonen Foundation. 



hsp90-free  Nonl iganded  PR 479 

REFERENCES 

1. Gronemeyer H., Turcotte B., Quirin-Stricker C., Bocquel M. 
T., Meyer M. E., Krozowski Z., Jeltsch J. M., Lerouge T., 
Garnier J. M. and Chambon P.: The chicken progesterone 
receptor: sequence, expression and functional analysis. EMBO 
.7l 6 (1987) 3985-3994. 

2. Conneely O. M., Dobson A. D. W., Tsai M. J., Beattie W. G., 
Toft D. O., Huckaby C. S., Zarucki T., Schrader W. T. and 
O'Malley B. W.: Sequence and expression of a functional 
chicken progesterone receptor. Molec. Endocr. 1 (1987) 517-525. 

3. Dougherty J. J., Puri R. K. and Toft D. O.: Polypeptide 
components of two 8S forms of chicken oviduct progesterone 
receptor..7. Biol. Chem. 259 (1984) 8004-8009. 

4. Baulieu E.-E.: Steroid hormone antagonists at the receptor level: 
a role for the heat shock protein MW 90,000 (hsp90)..7. Cell. 
Biochem. 35 (1987) 161-174. 

5. Renoir J.-M. and Mester J.: Chick oviduct progesterone recep- 
tor, structure, immunology, function. Molec. Cell. Endocr. 37 
(1984) 1-13. 

6. Catelli M. G., Binart N., Jung-Testas I., Renoir J.-M., Baulieu 
E.-E., Feramisco J. R. and Welch W. J.: The common 90-kd 
protein component of non-transformed "8S" steroid receptors is 
a heat-shock protein. EMBO .7l 4 (1985) 3131-3135. 

7. Kost S. L., Smith D. F., Sullivan W. P., Welch W. J. and Toft 
D. O.: Binding of heat shock proteins to the avian progesterone 
receptor. Molec. Cell. Biol. 9 (1989) 3829-3838. 

8. Smith D. F., Faber L. E. and Toft D. O.: Purification of 
unactivated progesterone receptor and identification of novel 
receptor-associated proteins. .7. Biol. Chem. 265 (1990) 
3996-4003. 

9. Smith D. F. and Tort D. O.: Composition, assembly and 
activation of the avian progesterone receptor. J. Steroid Biochem. 
Molec. Biol. 41 (1992) 201-20. 

10. Gasc J., Renoir J.-M., Radanyi C., Joab I., Tuohimaa P. and 
Baulieu E.-E.: Progesterone receptor in the chick oviduct: an 
immunohistochemical study with antibodies to distinct receptor 
components..7. Cell. Biol. 99 (1984) 1193-1201. 

11. Isola J., Ylikomi T. and Tuohimaa P.: Nuclear origin of 
progesterone receptor of the chick oviduct cytosol: an immuno- 
electron microscopic study. Histochemistry 86 (1986) 53-58. 

12. Gasc J. M. and Baulieu E.-E.: From the structure of steroid 
receptors to their assessment by immunocytochemistry in target 
cells..7. Steroid Biochem. 27 (1987) 177-184. 

13. Perrot-Applanat M., Groyer-Picard M. T., Logeat F. and 
Milgrom E.: Ultrastructural localization of the progesterone 
receptor by an immunogold method: effect of hormone adminis- 
tration. J. Cell. Biol. 102 (1986) 1191-1199. 

14. Pekki A. and Tuohimaa P.: New freeze-dry and vapor fixation 
method for immunohistochemistry of soluble proteins. Subcellu- 
lar location of the progesterone receptor..7. Histochem. Cytochem. 
37 (1989) 1207-1213. 

15. Pratt W. B., Redmond T., Sanchez E. R., Bresnick E. H., 
Meshinchi S. and Welsh M. J.: Speculations on the role of the 

90 kDa heat shock protein in glucocorticoid receptor transport 
and function. In The Steroid/Thyroid Hormone Receptor Family 
and Gene Regulation (Edited by J. A. Gustafsson, H. Eriksson 
and J. Carlsted-Duke). Birkh~iuser Verlag, Basel (1986) 
pp. 109-125. 

16. Lai B.-T., Chin N. W., Stanek A. E., Keh W. and Lanks K. W.: 
Quantitation and intracellular localization of the 85K heat shock 
protein by using monoclonal and polyclonal antibodies. Molec. 
Cell. Biol. 4 (1984) 2802-2810. 

17. Pekki A.: Different immunoelectron-microscopic locations of 
progesterone receptor and hsp90 in chick oviduct epithelial cells. 
ft. Histochem. Cytochem. 39 (1991) 1095-1101. 

18. Gasc J., Renoir J.-M., Faber L., Delahaye F. and Banlieu E.-E.: 
Nuclear localization of two steroid receptor-associated proteins, 
hsp90 and p59. Expl. Cell. Res. 186 (1990) 362-367. 

19. Tuohimaa P., Pekki A., Bl~iuer M., Joensuu T., Vilja P. and 
Ylikomi T.: Nuclear progesterone receptor is mainly hsp90-free 
in vivo. Proc. Natn. Acad. Sci. U.S.A. 90 (1993) 5848-5852. 

20. Sullivan W., Beito T., Proper J., Krco C. and Toft D. O.: 
Preparation of monoclonal antibodies to the avian progesterone 
receptor. Endocrinology 119 (1986) 1549-1557. 

21. Schneider W., Toft D., Sullivan W. and Shyamala G.: Inter- 
action of murine progesterone receptors with specific monoclonal 
antibodies to the avian progesterone receptor..7. Steroid Biochem. 
29 (1988) 297-306. 

22. Schuh S., Yonemoto W., Brugge J., Bauer V. J., Riehl R. M., 
Sullivan F. and Toft D. O.: A 90,000-dalton binding protein 
common to both steroid receptors and the Rous sarcoma virus 
transforming protein, pp60 v-sarc..7. Biol. Chem. 260 (1985) 
14292-14296. 

23. Sullivan W., Benjamin V., Bauer V., Puri K., Riehl R., Pearson 
G. and Toft D. O.: Isolation of steroid receptor binding protein 
from chicken oviduct and production of monoclonal antibodies. 
Biochemistry 24 (1985) 4214--4222. 

24. Green S., Issemann I. and Sheer E.: A versatile in vivo and in 
vitro eukaryotic expression vector for protein engineering. Nu- 
cleic Acids Res. 16 (1988) 369. 

25. Gronemeyer H., Turcotte B., Quirin-Stricker C., Bocquel M.- 
T., Meyer M.-E., Krozowski Z., Jeltsch J. M., Lerouge T., 
Garnier J.-M. and Chambon P.: The chicken progesterone 
receptor: sequence, expression and functional analysis. EMBO Jl 
6 (1987) 3985-3994. 

26. Carlson-Jurica M. A., Schrader W. T. and O'Malley B. W.: 
Steroid receptor family: structure and functions. Endocrine Rev. 
11 (1990) 201-220. 

27. Hightower L. E.: Heat shock, stress proteins, chaperones and 
proteotoxicity. Cell 66 (1991) 191-197. 

28. Pratt W. B.: Control of steroid receptor function and cyto- 
plasmic-nuclear transport by heat shock proteins. Bioessays 14 
(1992) 841-848. 

29. Guiochon-Mantel A., Lescop P., Christin-Maitre S., Loosfelt 
H., Perrot-Applanat M. and Milgrom E.: Nucleocytoplasmic 
shuttling of the progesterone receptor. EMBO .7l 10 (1991) 
3851-3859. 

SBMB 4 8 / 5 ~ - C  


