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Summary 

Paired toad urinary hemibladders were incubated with [3SS]methionine in 
the presence (experimental) or absence (control) of aldosterone. Short-circuit 
current was used to monitor  aldosterone-induced Na ÷ transport. Protein syn- 
thesis in epithelial cell subcellular fractions (cytosolic, microsomal, mito- 
chondrial) was evaluated by gradient polyacrylamide gel electrophoresis and 
autoradiography. Aldosterone-induced proteins were identified in the cytosolic 
and microsomal fractions (70000 and 15000 daltons, respectively). These 
results represent the first demonstrat ion of aldosterone-induced proteins in 
subcellular fractions of epithelial cells derived from single toad urinary hemi- 
bladders. 

Aldosterone stimulates Na ÷ transport in a variety of renal epithelia including 
the toad urinary bladder [ 1 ]. The mechanism of action of aldosterone has been 
subjected to considerable scrutiny, but a complete description of the cellular 
events involved is still lacking [1,2]. Most of the earlier evidence that  aldo- 
sterone-induced Na ÷ transport is mediated through new protein synthesis 
rests on inhibitor studies [3,4]. More recently, several putative aldosterone- 
induced proteins have been identified [5--9]. However, it is not  clear which 
of these candidates, if any, has a role in determining the magnitude and time 
course of aldosterone-induced Na ÷ transport and which represent epiphenom- 
ena secondary to the marked cellular metabolic changes that  are the result, 
rather than the cause, of  the enhanced Na ÷ transport. In addition, the func- 
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tion(s) of the aldosterone-induced protein(s) is (are) completely unknown.  
The resolution of these questions is dependent  on the development  of  a model  
system which allows for the correlation of  the hormone 's  electrophysiological 
and biochemical effects. This communicat ion describes such a model  system 
and reports the presence of  aldosterone-induced proteins in the cytosolic 
and microsomal fractions of  epithelial cells derived from single toad urinary 
hemibladders. 

Dominican toads (Bufo marinus) were maintained in the unfed state in 
distilled water for at least 48 h prior to use. The animals were killed by pithing 
and the bladders were surgically removed. Paired hemibladders from single 
animals were mounted  as sacs (mucosa inside) on glass tubes, were filled with 
2 ml of incubation medium, and were suspended in 5 ml of  continuously 
aerated incubation medium containing either aldosterone (final serosal con- 
centration, 1.8" 10 -7 M; Sigma) or methanol carrier. Each animal therefore 
provided both  an experimental and a control hemibladder. The incubation 
medium (pH 7.90-+ 0.05, osmolality 230 +-10 mosM/kg) contained 1 part 
methionine-free Medium-199 (Grand Island Biological Company) and 9 parts 
modified Ringer's solution. The latter consisted of  5 mM Tris, 5 mM glucose, 
103 mM NaC1, 3.4 mM Na2HPO4, 3.0 mM KC1, 0.6 mM KH2HPO4 and 0.75 
mM CaC12. 

After 3 h incubation, the hemibladders were transferred to identical (serosal) 
solutions containing [3SS]methionine (specific activity, 600--1400 Ci/mmol, 
final concentration,  125 /~Ci/ml; Amersham) and were then incubated for an 
additional 4 h. Short-circuit current was used to measure net  Na ÷ transport  
[10].  The mean aldosterone-induced increase in short-circuit current after 
7 h incubation was 220 + 43% (n = 7). All bladders responded to aldosterone 
(a typical response is illustrated in Fig. 1). 

The epithelial cells were scraped from the underlying connective tissue 
(using a glass microscope slide), collected by centrifugation (1200 X g, 5 min) 
and homogenized in a tight-fitting Dounce homogenizer (40 strokes). The 
homogenate  was centrifuged (1200 X g, 5 min) to remove cellular debris and 
the resulting supernatant was centrifuged (15000  X g, 20 min) to yield a 
mitochondrial  fraction (pellet). The 1 5 0 0 0  X g supernatant was centrifuged 
(120 000 X g, 60 min) to yield a microsomal fraction (pellet) and a cytosolic 
fraction (supernatant). The latter was dialyzed against 5 mM Tris-HC1, pH 
7.5, for 16--20 h (using 2000 dalton cut-off  tubing) and then lyophilized. 

The three subcellular fractions were solubilized in a sodium dodecyl  sulfate 
(SDS)-containing buffer  (1% SDS, 1% ~-mercaptoethanol, 10% glycerol in 
0.05 M Tris-HC1, pH 6.8) and aliquots of each fraction were subjected to elec- 
trophoresis in 7.5--30% gradient acrylamide gels [11].  The radioactive proteins 
in each subcellular fraction were analyzed autoradiographically [12].  Molecular 
weights were estimated from the relative mobilities of standard protein mix- 
tures in the same system. 

The autoradiograms of  the mitochondrial  fractions derived from aldosterone- 
treated and control  hemibladders were identical in each of  six separate experi- 
ments. However,  differences existed in both  the cytosolic and the microsomal 
fractions. A cytosolic aldosterone-induced protein ( ~ 7 0 0 0 0  daltons) was 
identified in each of 7 experiments and a microsomal aldosterone-induced 
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Fig. 1. Shor t -c i rc tu t  cu r r en t  (SCC) response  to  a ldos te rone .  A t  tzme zero,  one  hemzb ladder  (of  a paLr f r o m  
a single toad)  was  t r e a t e d  wi th  a ldos t e rone  (final  serosal c o n c e n t r a t i o n ,  1.8 • 10 -7 M) (e e)  and  the 
o the r  was t r e a t ed  wzth carr ier  ( m e t h a n o l )  (o . . . . . .  o7 (con t ro l ) .  A f t e r  3 h i ncuba t ion ,  b o t h  h e m i b l a d d e r s  
were  exposed  to [ 3 5 S ] m e t h i o n i n e  (f inal  serosal  c o n c e n t r a t i o n ,  125  pCi /ml )  and  t h e n  m o m t o r e d  for  an 
addi t iona l  4 h. Ne t  Na + t r a n s po r t  was  meastvred by  br ief ly  shor t -c i rcu i t ing  the  b ladders  at  h o u r l y  in ter-  
vals. T he  m a g n i t u d e  (245%) a nd  t ime  course  of  the  a ldos te rone  response  in t ins e x p e r i m e n t  were  typica l .  
(The  m e a n  +- S.E. res is tances  for  the  ent i re  series were  3657  2 381 and 4 1 7 6  2 165 ~ • crn 2 m the  con t ro l  
and  a ldos t e rone - t r ea t ed  hemib ladde r s ,  respect ive ly ,  a t  t ime  zero an d  5037 2 736 and  2281  2 602 ~2 • 
cm 2 in the  con t ro l  and  a ldos t e rone - t r ea t ed  hemib ladde r s ,  respec t ive ly ,  at  h o u r  7.7 

F i g .  2. A u t o r a d i o g r a p i n c  d e m o n s t r a t i o n  of  a l d o s t e r o n e - m d u c e d  prote ins .  Al iquo ts  of  the  subceUular  
p ro t e i n  f rac t ions  (con ta in ing  100 0 0 0 - - 5 0 0  000  d p m )  were  sub jec ted  to e lec t rophores i s  (75  V for  24 h 
at  4°C7 in 7 .5- -30% grad ien t  po lyacry la rn ide  gel slabs (1 X 90 × 150 r am) .  The  gels were  t h e n  f ixed  
(20% sulfosal icycl ic  acid for  45  min) ,  s ta ined  (0 .25% Coomass ie  blue in 7% acet ic  acid for  18 h) ,  
des ta lned  and  d e h y d r a t e d  (50% m e t h a n o l  and  7% acetac acid for  48 h) ,  dr ied,  an d  ex p o sed  to  K o d a k  
XR-1 fi lm for  7 - -10  days.  The  m i c r o s o m a l  a ldos t e rone - induced  p ro t e in  ( ~ )  is ind ica ted  m the  auto-  
r ad io g ram  on the  e x t r e m e  lef t  as c o m p a r e d  to  its ad jacen t  cont ro l .  The  cytosol ic  a ldos t e rone - induced  
p ro t e i n  (--*) is ind ica ted  m the  a u t o r a d l o g r a m  thLrd f r o m  the  lef t  as c o m p a r e d  to its ad jacen t  cont ro l .  
A l t h o u g h  there  are o the r  ( r m n o r  d i f fe rences  b e t w e e n  the a u t o r a d l o g r a m s  o b t a i n e d  f r o m  co n t ro l  and  
a ldos t e rone - t r ea t ed  b ladders ,  the  d i f fe rences  i nd i ca t ed  (--*) were  the  only ones cons i s ten t ly  seen m all 
expe r imen t s .  

protein (~15 000 daltons) was identified in 6 of 7 experiments (Fig. 2). Den- 
sitometric tracings of the autoradiograms (Figs. 3 and 4) confirmed these 
findings. 

We have previously reported a specific aldosterone-induced protein (approx. 
12000 daltons) in total epithelial cell homogenates obtained from single 
toad urinary bladders [5]. This aldosterone-induced protein is most likely the 
same protein that we have identified in the microsomal fraction in the present 
experiments. In addition, we have identified at least one other aldosterone- 
induced protein (in the cytosolic fraction). Other investigators [6,7,9] have 
also described aldosterone-induced proteins of  various molecular weights in 
cytosolic and/or microsomal fractions obtained from epithelial cell homo- 



425 

S -  

bJ 

ze_  
n- 
O 
rn 4 _  
< 

bJ 
> 
~ 2  
< 
J 
w ne 

0 

8 .  MICROSOMES 

I I I I I I 
0 1 2 3 4 5 6 

GEL LENGTH ( c m )  

AIP C Y T O S O L  

8 

6 
ta,I 

z li ! < 4 

4 
m 
~ 2 , .  

~ 2 .  _ ~ 

o \ 
_1 

r,, 0 I I I I I | 
0 1 2 3 4 5 6 

GEL LENGTH ( c m )  

Fig. 3. D e n s l t o m e t r l c  scans  o f  autorad io~cams  der ived f r o m  m i c r o s o m a l  and c y t o s o l i c  prote ins .  A u t o -  
radiograms of  m i c r o s o m a l  p ro te ins  ( top  panel )  o b t a i n e d  f r o m  a ld o s t e ro n e - t r e a t ed  ( u p p e r  t rac ing)  and 
contro l  ( lower  t rac ing)  h e m l b l a d d e r s  were  s c an n e d  at 600  n m  using a T e l e d y n e  M o d e l  2 9 5 5  dens i to -  
m e t e r  in the  t ransmi t tan c e  m o d e .  Th e  abscissa represents  dis tance  f r o m  the  origin (0)  in cm.  Th e  ordi- 
na tes  represent  relat ive absorbance  ( the  tuner  and ou te r  ordingates  relate  to  the  upper  and the  l o w e r  
t racings,  respec t ive ly) .  The  m i e r o s o m a l  a ldos t e rone - induced  p ro t e in  (ALP) is i n d i ca t ed  by  an a r ro w  in 
the  u p p e r  t racing.  A u t o r a d i o g r a m s  o f  c y t o s o h c  prote ins  ( b o t t o m  panel)  ob ta ined  f r o m  a ldos terone -  
t rea ted  ( u p p e r  t rac ing)  and c o n t r o l  ( lower  t rac ing)  h e m i b l a d d e r s  were  scanned  in a s imilar  fashion.  ~I'he 
cytosol ic  a ldos t e rone - induced  p ro t e in  is i nd i ca t ed  by  an  a r r o w  in the  u p p e r  t racing.  

genates of  toad urinary bladders. However, since the latter experiments were 
performed with pooled homogenates obtained from large numbers of  bladders, 
the physiological response to aldosterone could not be simultaneously moni- 
tored. Aldosterone has also been shown to stimulate protein synthesis in all 
the non-nuclear subceUular fractions derived from rat renal medulla [8]. 
Detailed analysis of  the rat medullary cytosolic fraction revealed an approx. 
31 000 dalton aldosterone-induced protein (other subcellular fractions were 
not analyzed). The analysis of  the relationship of  these putative aldosterone- 
induced proteins to one another and of  the role of  particular aldosterone- 
induced proteins in aldosterone-induced Na ÷ transport awaits further studies. 

The analytical procedures described above have resulted in the first detection 
of  aldosterone-induced proteins in subcellular fractions (microsomal and cyto- 
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Fig. 4. E x p a n d e d  d e n s l t o m e t n c  scans  o f  a u t o r a d l o g r a m s  de r ived  f r o m  m i c r o s o m a l  and  cy toso l i c  p ro t e in s .  
E x p a n d e d  d e n s i t o m e t r i c  scans  o f  t he  r e l evan t  p o r t i o n s  o f  the  m i c r o s o m a l  a n d  cy toso l i c  a u t o r a d z o g r a m s  

b e t t e r  de f ine  the  m z c r o s o m a l  ( le f t )  and  cy toso l i c  ( r igh t )  a l d o s t e r o n e - i n d u c e d  p ro te ins .  The  axes  are s l m d a r  

to  t hose  m Fig.  3. The  p re sence  o f  the  t w o  a l d o s t e r o n e - i n d u c e d  p r o t e i n s  was  c o n f i r m e d  by  c o m p a n n g  

the  a reas  ( m e a n  + S.E.)  u n d e r  the  r e l evan t  p o r t i o n s  o f  t he  scans  de r ived  f r o m  c on t ro l  and  a ldos t e rone -  

t r e a t e d  tmsue.  M l c r o s o m e s :  3.71 + 1 .22  ( con t ro l )  a n d  4 .56  + 1 .49  ( a ldos t e rone ) ,  P < 0 .05 ,  n = 7. Cy toso l :  

2 .72 + 0 .36  ( con t ro l )  a n d  3 .46 + 0 .26  ( a l d o s t e r o n e ) ,  P < 0 .025 ,  n = 7 ( S t u d e n t ' s  t - test) .  AIP ,  a ldos t e rone -  

i n d u c e d  p ro t e in .  

solic) o f  epithelial cells obtained from single toad urinary hemibladders. This 
model  system has the major advantage that biochemical changes can be directly 
correlated with experimentally induced changes in Na ÷ transport. Conse- 
quently, this approach may prove useful in defining the cellular role of  aldo- 
sterone-induced proteins in epithelial Na ÷ transport. 
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