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SUMMARY: The combina t ion  of pa r t i a l ly  pur i f ied ,  a c t i v a t e d  (nuclear binding) m a m m a r y  
g lucocor t i co id  r e c e p t o r  with a m a c r o m o l e c u l e  present  in cytosol  conver t s  t h e  r e c e p t o r  
to a form wi th  p rope r t i e s  of na t ive  r e c e p t o r .  Af t e r  s a l t  a c t i va t i on  of na t ive  r e c e p t o r  
and subsequent  pu r i f i ca t ion  by DEAE-ce l lu l e se  ch romatography ,  t he  a c t i v a t e d  r e c e p t o r  
sed iments  in sucrose  dens i ty  g rad ien t s  at 4.0S and binds (80-90%) ATP-aga rose .  Combi -  
na t ion  of this pa t t i  ally pur i f ied ,  a c t i v a t e d  r e c e p t o r  wi th  a f a c t o r  p resen t  in crude cy toso l  
allows the r e c e p t o r  to sed imen t  in the  posi t ion of na t ive  r e c e p t o r  (8.4S). F u r t h e r m o r e ,  
this r e c e p t o r  f o rm ,  l ike na t i ve  r e c e p t o r ,  does not  i n t e r a c t  s ign i f ican t ly  wi th  ATP-  
agarose .  The cy toso l i c  f a c t o r  respons ib le  for  this r e c e p t o r  convers ion  is m a c r o m o l e c u l a r  
(MW> 5000) and does not  i n t e r a c t  wi th  ATP-aga rose .  I t  r e t a ins  i t s  t r a n s f o r m a t i o n  
r eve r sa l  p roper t i es  a f t e r  incubat ion  at 100°C for 10-15 minu tes  in the  p re sence  and 
absence  of 8M u r e a / l %  S D S / l m M  DTT and is not  des t royed  by t r e a t m e n t  wi th  DNase .  
However ,  the  r e c e p t o r  t r a n s f o r m a t i o n  r eve r sa l  f a c t o r  is i n a c t i v a t e d  by t r e a t m e n t  wi th  
RNase .  These  resul ts  d e m o n s t r a t e  tha t  g lucocor t i co id  r e c e p t o r  a c t i v a t i o n  is a r eve r s ib l e  
process  and sugges t  that  R N A  is involved.  

~TRODUCTION 

The molecu la r  mechan i sm of s t e ro id  hormone  r e c e p t o r  ac t i va t i on  is an a rea  of 

in tens ive  inves t iga t ion  at the  p resen t  t ime .  Ac t i va t i on  is usual ly  def ined  as an 

' a l t e ra t ion '  in the  cy top la smic  r e c e p t o r  p ro te in  which takes  p l ace  rapidly i n vivo upon i t s  

i n t e r ac t i on  wi th  a spec i f i c  s t e ro id  (1) and resu l t s  in the  t r a n s f o r m a t i o n  of a s te ro id-  

r e c e p t o r  complex  wi th  l i t t l e  or no a f f in i ty  for  nucle i  to one which  has a g rea t ly  

inc reased  a f f i n i t y  for  nuclei  (1,Z). G e n e r a l l y  assumed to be a n e c e s s a r y  s t e p  in  s t e ro id  

hormone ac t ion ,  r e c e p t o r  t r a n s f o r m a t i o n  has been e x t e n s i v e l y  s tud ied  in vi tro.  Howeve r ,  

because  of the d i f f icu l t i es  a s soc ia ted  wi th  the i so la t ion  and pur i f i ca t ion  of nuclei  for  

de t e rmina t ions  of r e c e p t o r  a c t i v a t i o n  in vi t ro ,  s eve ra l  i n v e s t i g a t o r s  have  ca re fu l ly  

deve loped  more  def ined and less c u m b e r s o m e  b iochemica l  assays to t e s t  for this even t  
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(1-4). These alternative methods take advantage of certain well characterized changes 

in the receptor molecule which have been shown to accompany activation. For the 

glucocorticoid receptor~ these changes include a striking decrease in apparent molecular 

weight Z (5) and an altered elution profile from ion exchange resins (both anionic and 

ca t ion ic )  ( 1, 2~4, 6). 

Dur ing  our  i n v e s t i g a t i o n  i n to  t he  m o l e c u l a r  m e c h a n i s m  of g l u c o c o r t i c o i d  r e c e p t o r  

a c t i v a t i o n  and  i t s  p r e v e n t i o n  b y  m o l y b d a t %  c e r t a i n  o b s e r v a t i o n s  m a d e  i t  n e c e s s a r y  fo r  us 

to  d e t e r m i n e  w h e t h e r  ac t iva t i cm is a r e v e r s i b l e  p roces s .  In p a r t i c u l a r ,  we wished  to 

e s t a b l i s h  w h e t h e r  a c t i v a t e d  r e c e p t o r  could be c o n v e r t e d  b a c k  to i t s  n o n a c t i v a t e d  or 

n a t i v e  s t a t e .  In t.his p r e l i m i n a r y  c o m m u n i c a t i o n ,  we r e p o r t  t he  use  of g l u c o c o r t i c o i d  

r e c e p t o r  f r o m  l a c t a t i n g  goa t  m a m m a r y  t i s sue  to d e m o n s t r a t e  t h e  r e v e r s a l  of g luco-  

c o r t i c o i d  r e c e p t o r  a c t i v a t i o n .  We a d d i t i o n a l l y  p r e s e n t  d a t a  i m p l i c a t i n g  R N A  as a 

c o n s t i t u e n t  of t he  c y s t o l i c  f a c t o r  r e s p o n s i b l e  f o r  th i s  convers ion .  

Experimental Procedures 

Materials: [3HJdexamethasone (50 Ci/rnmol) was purchased from New England Nuclear. 
Purified bovine liver catalase (II.3S), human gamma globulin (7.1S), bovine hemoglobin 
(4.4S), equine heart cytochrome c (1.9S), pancreatic RNase A (I00 units/rag), DNase I 
(3,370 units/rag) and ATP-agarose (1.75 llmoles/ml of packed gel) were all obtained from 
Sigma Chemical. DEAE-cellulose (DE-5Z) was from Whatman. Sephadex G-Z5 (coarse) 
was obtained from Pharmacia Fine Chemicals. Crystalline RNase T l(Sankyo Co., Ltd., 
Tokyo, Japan) was obtained from Calbiochem-Behring Corp. and RNase B (ZZ90 u/mg) 
was from Worthington Biochemical. All other reagents, including sodium dodecyl sulfate 
(SDS) and dithiothreitol (DTT), were of analytical reagent grade. 
Methods: Mammary glands from lactating goats obtained fresh from a local slaughter 
house were cleaned, minced and stored in liquid nitrogen until use. Cytosol was prepared 
and labeled with Z0nM [~Hjdexamethasone overnight for 6-18h at 0°C as described 
previously (7) using TDG buffer (10raM Tris-HCl, 1.0mM dithiothreitol and Z5% glycerol 
(by volume), pH 7.4 at 0°C). In separate experiments, by Scatchard analyses~ sucrose 
density gradient centrifugation and DE,E-cellulose chromatography, we have demon- 
strated the absence of nonsupp~essible [ H]dexamethasone binding sites in cytosol from 
lactating goat m atom ar y tissue. 

Transformation of cytosolic glucocorticoid receptors from the native to the 
a~tivated (nuclear binding) form was accomplished at 0°C by chromatography of the 
[ Hjdexamethasone labeled cytosol through Sephadex G-Z5 equilibrated with TDG buffer 
containing 0.3M KCI (TDGK). Receptor was incubated in the 0.3M KCl-containing buffer 
for I-Z hr at 0°C before desalting by Sephadex G-Z5 chromatography. Activated 
glucocorticoid receptors were isolated by DEAE-cellulose chromatography essentially 
according to Sakaue and Thoml~on (4) with modifications as described elsewhere (6). 

ATP-agarose (ATP attached through the ribose hydroxyls to beaded agarose via a 
six carbon spacer) contained approximately Z Dmoles of ATP per ml of settled gel. 
After was~ng with TDG buffer containing 1.0 M KCI, the gel was poured into a 1.3 cm 
diameter column and packed to a volume of I.Z ml. The packed gel w~ washed with 10- 
Z0 ml of TDG buffer before use. Samples, previously labelled with [ Hjdexamethasone 
were applied to the column and incubated for 30 rain before unbound radioactivity was 
eluted by washing with TDG buffer. Bound radioactivity was eluted with 1.0M KCI in 
TDG Buffer. Fractions of 1.0 ml each were collected and the radioactivity was 
determined as for DEAE-cellulose chromatography (6). 
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Figure i: Isolatic~1 of activated (peak I) receptor from G-Z5/KCl treated cytosol by 
DEAE-cellulose chromatography. The activated receptor Mutes at 0.05 M PO 4 (94% 
recovery) and was generated freshly for each experiment. 

Immediately prior to sucrose density gradient analyses, [3H]dexamethasone labeled 
cytosol (or partially purified receptor fractions) were passed through small (10-11ml) 
Sephadex G-Z5 columns at 0°C to remove free steroid or KCI. Two hundred microliters 
of these fractions were then layered onto linear 5-Z0% sucrose density gradients 
prepared in TDG buffer. The gradients were centrifuged~ fractionated and analyzed for 
tritium as described previously (5). The linearity of representative gradients was 
confirmed and peaks of [ H]dexamethasone binding activity were assigned sedimentation 
coefficients (SZ0~w) as described previously (5). 

Resul t s  

Na t ive  (untransformed)  [3H]dexame thasone - r ecep to r  complexes  in u n f r a c t i o n a t e d  

cytosol  were ac t i va t ed ,  desa l t ed  and ch roma tog raphed  on DEAE-ce l lu lose  as desc r ibed  in 

Methods.  As shown in F igure  l, the  G-Z5/KC1 a c t i v a t e d  r e c e p t o r  e lu tes  f rom D E A E -  

ce l lu lose  as a s ingle  r a d i o a c t i v e  peak  (peak I) e a r l y  a f t e r  in i t i a t i en  of the  sa l t  gradient  

(0.05M PO4). Even though ear ly  elut ion f rom DEAE-ce l lu lose  has been a much  

Z 
d e m o n s t r a t e d  qua l i ty  of a c t i v a t e d  g l u c o c o r t i c o i d  r ecep to r s  from var ied sources  (1,4,6, 

8), t h e  ful ly a c t i v a t e d  s ta tus  of peak I m aramary  g lucocor t i co id  r e c e p t o r  was addi t ional ly  

conf i rmed  by suc rose  dens i ty  grad ien t  cen t r i fuza t icm , ATP-aga rose  c h r o m a t o g r a p h y  (376) 

and binding to i so l a t ed  nuclei .  These  addi t ional  e x p e r i m e n t s  were  p e r f o r m e d  because  of 

the impor t an t  r equ i r emen t  tha t  any expe r imen t s  designed to examine  r e v e r s i b i l i t y  of the 

t r ans fo rma t ion  process  must  necessa r i ly  be p e r f o r m e d  with comple t e ly  a c t i v a t e d  s t a r t -  

ing m a t e r i a l .  In con t ras t  to na t ive  r e c e p t o r  which sed iments  in our gradients  at 8.4 + 

0.4S (n=6), the  par t i a l ly  pur i f ied ,  a c t i v a t e d  (peak I) r e c e p t o r  sed iments  at 4.0 _+ 0.4S (n=9) 

under the s a m e  condi t icas ,  Sucrose dens i ty  gradient  cen t r i fuga t ion  da t a  f rom a 
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Figure Z: Sucrose density gradient centr i fugat ion of (A) native cytosolic [3HJdexametha- 
sone-receptor complexes prepared and maintained in TDG buffer,  and (B) part ial ly 
purified, act ivated peak I receptor ,  also in TDG buffer. Receptors  were assigned 
sedimentat ion coefficients as described previously (5). Note tha t  peak I (activated) 
receptor  sediments at 4S in the absence of salt.  

r e p r e s e n t a t i v e  e x p e r i m e n t  a r e  i l l u s t r a t e d  for  n a t i v e  and  a c t i v a t e d  r e c e p t o r  in  Figure~s ZA 

and ZB, r e s p e c t i v e l y .  Addi t icmal ly ,  w h e r e a s  n a t i v e  r e c e p t o r  shows low b ind ing  (13.9 + 

5.9%, n=8) to  A T P - a g a r o s e ,  a c t i v a t e d  r e c e p t o r  (peak I) binds well  (85.7 + 8.Z%, n=16). 

F ina l ly ,  as e x p e c t e d ,  we have  found  t h a t  only r e c e p t o r  in  t he  a c t i v a t e d  (peak I) s t a t e  

binds to i s o l a t e d  nuc le i  (da ta  no t  shown).  I t  is i n t e r e s t i n g  to n o t e  t h a t  p e a k  I ( ac t iva t ed )  

r e c e p t o r  appea r s  s t a b l e  as such .  The s e d i m e n t a t i c m  p r o f i l e  ( i nd i s t i ngu i shab le  i n  h igh and  

low sa l t ) ,  D E A E - c e l l u l o s e  e lu t ion  p ro f i l e  and  A T P - a g a r o s e  b inding  c h a r a c t e r i s t i c s  of 

i s o l a t e d  p e a k  I have  b e e n  e x a m i n e d  and a re  u n c h a n g e d  by t h e  p r e s e n c e  of m o l y b d a t e  or 

by  f u r t h e r  t r a n s i e n t  e x p o s u r e  to e l e v a t e d  i o n i c  s t r e n g t h  ( m a n u s c r i p t  in p r e p a r a t i o n ) .  

To s t u d y  p o t e n t i a l  r e v e r s i b i l i t y  of the  t r a n s f o r m a t i c m  (ac t iva t ion )  p roces s ,  t h e  

p a r t i a l l y  pu r i f i ed  peak  I r e c e p t o r  was t i t r a t e d  wi th  c rude  cy to so l  w h i c h  had  b e e n  

p r e v i o u s l y  e q u i l i b r a t e d  w i t h  2~M r a d i o i n e r t  d e x a m e t h a s o n e .  We have  d e t e r m i n e d  t h a t  

c rude  cy toso l  l abe l ed  in  th i s  m a n n e r  w i t h  exces s  r a d i o i n e r t  d e x a m e t h a s o n e  does not  bind 

[ 3 H ] d e x a m e t h a s o n e  w h i c h  m i g h t  h a v e  d i s s o d a t e d  f rom peak  I. Even  w h e n  a m o u n t s  of 

f r e e  [ 3 H ] d e x a m e t h a s o n e  e q u i v a l e n t  to  t h a t  a m o u n t  bound by  p e a k  I were  i n c u b a t e d  

o v e r n i g h t  (18 hr) a t  0 ° C wi th  r a d i o i n e r t  d e x a m e t h a s o n e  l a b e l e d  cy toso l ,  no m a c r o m o l -  

ecu la r  bound r a d i o a c t i v i t y  was d e t e c t e d  i n  the  cy toso l  (da ta  no t  shown) .  F u r t h e r m o r e ,  

t h e  a m o u n t  of [ 3 H j d e x a m e t h a s o n e  bound  to p e a k  I was not  a f f e c t e d  s i g n i f i c a n t l y  by  

o v e r n i g h t  i n c u b a t i o n  w i t h  the  r a d i o i n e r t  d e x a m e t h a s o n e  l a b e l e d  cy toso l  (da ta  no t  shown).  

23 



Vol. 105, No. I, 1982 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

80 ~ 

6o 

d) 

~, 4o 

._> 

.~ 2o 

I | 

1:0.01 1:0.1 1:1 1:10 

Ratio ( peak I : cytosol ) 

Figure 3: Titraticm of ac t iva ted ,  peak  I [3H]dexamethasone- receptor  complexes  with 
increas ing volumes of3unfract ionated cytosol containing 2~M radio iner t  dexamethasone .  
Ordinate  r ep resen t s  [ H]dexamethasone- recep to r  complexes  bound (as percent  of tota l  
act ivi ty  added) a f te r  wastfi~g the  column with 6-10 volumes of TDG buffer .  Peak I alone 
and nat ive  (unactivated) [ H]dexamethasone r ecep t o r  complexes  bound 83% and 13% 
respect ive ly .  Dilution of peak I with up to 10 volumes of buffer  had no measurable  
e f f e c t  on subsequent peak I binding to ATP-agarose .  Samples were ch romatographed  im-  
med ia te ly  a f te r  mixing.  Values p resen ted  are  f rom one r ep resen ta t ive  exper imen t .  

As shown in Figure 3~ the ATP-agarose binding ability of peak I could be diminished in a 

dose-dependent fashion by increasing volumes of cytosol to levels reminiscent of native 

(unactivated) receptor. Dilution of peak I with buffer alone did not signficantly alter its 

ATP-agarose binding properties. Furthermor% presaturatic~ of the ATP-agarose 

columns with up to 7.5 volumes of cytosol did not diminish subsequent peak I binding 

(data not shown). By comparison~ peakl mixed with 7.5 volumes of cytosol just prior to 

ATP-agarose chromatography hound only 13% (see Figure 3). These data indicate that 

cytosol contains a factor which apparently interacts directly with activated receptor to 

prevent its interaction with AZP-agarose. 

To further examine the possibility that this factor was interacting directly with the 

partially purified activated receptor~ peak I was combined with radioinert dexa- 

methasone labeled cytosol and centrifuged through sucrose density gradients prepared 

with TDG buffer. Figure 4 demonstrates that the sedimentation coefficient of peak I 

receptor is dramatically altered. In contrast to activated (peak I) receptor which 

sedimented at 4.0S under these same conditions (Figure ZB)~ peak I after recombination 

with crude cytosol sedimented at (8.ZZ + 0.68S~ n = 6). This value does not differ 
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Figure 4: Altered sedimentation profile of activated ~0eak I) receptor  resulting from its 
interaction with transformation reversal factor  in crude cytosol. Peak I (activated) 
receptor was desalted by Sephadex G-Z5 chromatography, mixed with an equal volume of 
radioinert dexamethasone (ZpM) labeled cytosol and immediately analyzed by sucrose 
density gradient centrifugatica in TDG buffer as described for Figure Z. 

s ign i f i can t ly  f rom tha t  o b t a i n e d  for  na t ive  r e c e p t o r  (8.4 + 0.4S, n = 6) by S t u d e n t ' s  ' t '  

t e s t .  

P r e l i m i n a r y  c h a r a c t e r i z a t i c a  of the t r a n s f o r m a t i c a  r ev e r s a l  f a c t o r  in c rude  cy tosol  

p r e p a r a t i o n s  sugges t  tha t  i t  is d i s t inc t  f rom the low- and h igh -mo lecu l a r  we igh t  

t r a n s i o c a t i o n  inh ib i to r s  and modu la to r s  d e s c r i b e d  for  o t h e r  s t e ro i d  r e c e p t o r  s y s t e m s  (9- 

14). The apparen t  molecu la r  we igh t  of the t r a n s f o r m a t i o n  r ev e r s a l  f a c t o r  is g r ea t e r  than  

5000 as i t  is exc luded  f rom Sephadex  G-Z5. It is s t a b l e  to  100 ° C (10-15 min) in  the  

p r e s e n c e  and a b s e n c e  of 8M u r e a / l % S D S / l m M  DTT and to d iges t ion  wi th  DNase  I (10~000 

uni ts  for  40 rain at Z5 ° C in the  p r e s e n c e  of 5raM MgC1z). However~ i t  can be 

i n a c t i v a t e d  by t r e a t m e n t  wi th  R N a s e  A, B or T 1 (50-1000 units  for  30%0 min at Z5 ° C). 

D is cussi ca 

T r a n s f o r m a t i c a  of s t e r o i d  r e c e p t o r s  to t h e i r  a c t i v a t e d  (nuclear binding) fo rm in 

vi tro has been  amply d e m o n s t r a t e d  (1-6). Recent ly~ b iochemica l  c o n f i r m a t i o n  of t h e  

p r o b a b l e  o c c u r r e n c e  of ac t iva t ion  in  vivo has been  r e p o r t e d  (1). It appea r s  t ha t  r e c e p t o r  

a c t i va t i on  and the  equi l ibr ium c o n c e n t r a t i o n  of a c t i v a t e d  r e c e p t o r  m a y  depend  upon 

seve ra l  f ac to r s  in add i t i ca  to the ob l iga to ry  a t t a c h m e n t  of s t e r o i d  (15). The da t a  

de sc r ibed  h e r e  sugges t  t h a t  a m a c r o m o l e c u l a r  componen t  ( t r a n s f o r m a t i o n  r ev e r s a l  

f ac to r )  p r e sen t  in u n f r a c t i o n a t e d  m a m m a r y  cy tosol  can r e v e r s e  a c t i v a t i c a  and m a i n t a i n  

an equi l ibr ium in the  d i r ec t ion  of na t ive  r e c e p t o r .  We have  shown t h a t  t h e  i n f l u e n c e  of 
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t r a n s f o r m a t i o n  r e v e r s a l  f a c t o r  on p a r t i a l l y  pu r i f i ed ,  a c t i v a t e d  p e a k  I r e c e p t o r  is 

p ronounced .  The  s t a b i l i t y  of th i s  f a c t o r  to  t r e a t m e n t s  wh ich  a re  known to i r r e v e r s i b l y  

d e n a t u r e  n a t i v e  p r o t e i n  or deg rade  DNA s t r u c t u r e ,  and  i t s  s e n s i t i v i t y  to R N a s e  

t r e a t m e n t  sugges t s  t h a t  an  R N A  po l ym er  is d i r e c t l y  i n v o l v e d  wi th  t h e  r e c e p t o r .  In 

' s uppo r t  of th i s  concep t ,  C o s t e l l o  and S h e r m a n  have  r e c e n t l y  r e p o r t e d  t h a t  the  g luco-  

c o r t i c o i d  r e c e p t o r  f r o m  mouse  m a m m a r y  t u m o r  cy toso l  s e d i m e n t s  at  5.3S and 8.7S w h e n  

a n a l y z e d  in  50mMKC1 (16), h o w e v e r ,  a f t e r  t r e a t m e n t  of th i s  cytosol  w i t h  R N a s e ,  t he  

r e l a t i v e  a m o u n t  of 5S r e c e p t o r  was  i n c r e a s e d .  We h a v e  also o b s e r v e d  an  R N a s e  

d e p e n d e n t  d e c r e a s e  in  the  s e d i m e n t a t i o n  c o e f f i c i e n t  (8S- )4S)  of goat  m a m m a r y  g luco-  

c o r t i c o i d  r e c e p t o r  w h i c h  is a c c o m p a n i e d  by  a m a r k e d  i n c r e a s e  in  t h e  ab i l i t y  of t h e  

r e c e p t o r  to  b ind A T P - a g a r o s e  ( m anus c r i p t  in  p r e p a r a t i o n ) .  O t h e r  s t ud i e s  (17,18) have  

shown  t h a t  RNA c a n  i nh i b i t  t he  b inding of a c t i v a t e d  s t e r o i d - r e c e p t o r  c o m p l e x e s  to  DNA. 

We f ee l  t ha t  a n o n e n z y m a t i c  mode l  for  r e v e r s i b l e  r e c e p t o r  a c t i v a t i o n  in  v ivo invo lv ing  

i n t e r a c t i o n  of r e c e p t o r  wi th  a n o n - s t e r o i d - b i n d i n g ,  RNA c o n t a i n i n g  e n t i t y  is wor thy  of 

i n v e s t i g a t i o n .  We  a re  c u r r e n t l y  a t t e m p t i n g  to more  c o m p l e t e l y  c h a r a c t e r i z e  t he  

t r a n s f o r m a t i o n  r e v e r s a l  f a c t o r ( s )  i n v o l v e d  as well  as t he  n a t u r e  of i t s  i n t e r a c t i o n  wi th  

m a m m a r y  g l u c o c o r t i c o i d  r e c e p t o r .  
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and for  p rov id ing  R N a s e .  
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