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Acetylation of histones is one of the earliest 
chemical events in the process of gene activation 
for RNA synthesis in various systems ( 1 ) .  I n  
liver responding to stimulation by cortisol, his- 
tone acetylation is clearly correlated with pat- 
terns of RNA synthesis ( 1 ) .  Ribosomal proteins 
can be rapidly acetylated not only in rat liver but 
in heart, kidney, and thymus as well (2). In 
addition we (3) and others (4 ,5 )  have found that 
aldosterone treatment of adrenalectomized rats 
produces a very early increase of renal histone 
acety lat ion. 

In this paper we show a differential effect of 
aldosterone administration on the acetylation of 
ribosomal proteins in the outer and inner zones 
of the kidney of the adrenalectomized rat. This is 
of interest because EdeIman and coworkers (6) 
have recently shown that the Type I mineralocor- 
ticoid receptors are probably equally distributed 
in the outer cortex and medullary papilla. These 
receptors are believed to initiate the intracellular 
sequence of reactions ultimately resulting in the 
physiologic effect of the hormone (7). 

Muteriuls and Methods. Male bilaterally ad- 
renalectomized hooded rats weighing approxi- 
mately 150 g (six per Expt) each received an 
intravenous injection of 4 pg of d-aldosterone in 
saline. 3.25 hr later each rat received 1.5 mCi of 
sodium [:<H]acetate (sp act 2 .2  Ci/mmole) iv and 
15 min later was decapitated. Liew and Gornall 
(2) have already shown that the incorporation of 
["H]acetate into the ribosomal proteins in- 
creased between 5 and 15 min of labeling; the 
amount of radioactive acetate in the ribosomal 
proteins declined after 15 min of labeling but 
remained relatively constant from 30 to 60 min. 
The control adrenalectomized rats (six per Expt) 
received injections of saline and of I .5 mCi of 
sodium ["Hlacetate. Seven separate experi- 

ments were performed. 
The kidneys were divided immediately after. 

death into three gross anatomical regions: cor; 
tex, outer medulla, and inner medulla. Ribo- 
somes from these three layers were isolated and 
purified in medium of high ionic strength (8) .  
The ribosomal proteins were then extracted with 
urea and LiCl (9). After the mixture had stood 
overnight at 4". the R N A  precipitate was re- 
moved by centrifugation at 1,OOOg for 20 min. 
Urea-LiC1 extraction is known to precipitate all 
the ribosomal RNA from the supernatant (10). 
The ribosomal proteins extracted by urea-LiCI 
were precipitated by 7.5% trichloroacetic acid 
and then washed with 7.5% trichloroacetic acid, 
ether, and ethanol. These washes were to elimi- 
nate the possibility of incomplete dissociation of 
ribosomes from the membrane by the detergents 
used (Lubrol WX and deoxycholate), and also to 
exclude the possibility that the radioactivity 
found in the ribosomal proteins was due to the 
incorporation of ["H] acetate into nucleotides or 
the lipids of the endoplasmic reticulum. After 
these treatments the radioactivity remained in 
the ribosomal proteins. 

The presence of radioactive labile acetyl 
groups in the ribosomal proteins was verified by 
acid hydrolysis and steam distillation of volatile 
["H] acetate as described by Allfrey (1) .  The 
quantity of ribosomal protein was determined by 
the method of Lowry et al. ( 1  1) .  Under our 
experimental conditions ['HI was counted at ap- 
proximately 25% efficiency. 

Results and Discussion. Table I shows that 
3.5 hr after aldosterone administration there was 
a significantly (60%) lower acetylation of the 
ribosomal proteins in the renal cortex and a sig- 
nificantly (77-94%) higher acetylation of the 
ribosomal proteins in the renal medulla. The 
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TABLE 1. Effect of Aldosterone on the in Vivo Acetylation of Renal Ribosomal Proteins 3.5 hr after the 
Hormone Administration. 

Sodium [ 3H] acetate incorporated into 
volatile acetyl groups of ribosomal 

Ratiod 
Aldosterone- treated 

Kidney portion Rats proteinsa (dpdmg-ribosomal protein) Pc control 

Aldosterone- treated 
Control 

Aldosterone-treated 
Control 

Aldosterone-treated 
Control 

Cortex 

Outer medulla 

Inner medulla 

3,860 5 905b 
9,620 5 3,589 

2,210 5 281 
1,250 2 194 

1,870 2 378 
964 ? 196 

<0.0025 0.40 

<0.005 1.77 

<0.005 1.94 

~ ~~ ~ 

a Pulse-labeling for 15 min. 
Specific activity of volatile acetyl groups of ribosomal proteins. Mean value f 1 standard deviation (seven separate 

Calculated by unpaired t test. 
Specific activity of the volatile [3H] acetyl groups of the ribosomal proteins from the aldosterone-treated animals 

experiments). 

divided by the specific activity of the same groups from the control rats. 

specific activity of the labile [3H] acetyl groups 
of the ribosomal proteins was two to nine times 
as great in the cortex as in the medulla. We found 
that 75%, 30%, and 37% of the incorporated 
[3H] acetate was in the form of labile acetyl 
groups in the cortex, outer medulla, and inner 
medulla, respectively. 

Just as the phosphorylation of ribosomal pro- 
teins may play a part in altered ribosome func- 
tion (12-16), the acetylation of ribosomal pro- 
teins may likewise have a role in the regulation 
of protein synthesis. Both positive (12-14) and 
negative correlations ( 1  5) between ribosomal 
protein phosphorylation and protein synthesis 
have been documented. We have just recently 
reported (17) that 3 hr after aldosterone ad- 
ministration to adrenalectomized rats the phos- 
phorylation of at least two renal cortical 
ribosomal proteins of high molecular weights 
increased, while that of at least two others of 
lower molecular weights decreased. We have 
shown (8,18) that 3.5 hr after aldosterone ad- 
ministration to adrenalectomized rats the func- 
tional capacity of ribosomes from the renal cor- 
tex is increased, so that in this tissue we have a 
negative correlation between ribosomal protein 
acetylation and protein synthesis. However, we 
should also bear in mind that Eil and Wool (1 9) 
recently fomd no appreciable and consistent dif- 
ference in the in vitro functional capacity of 
phosphorylated and nonphosphorylated rat liver 
ribosomes. They may not, however, have tested 

the proper function, or it may be possible that 
liver ribosomes are already maximally phos- 
phorylated before they are isolated, so that in 
vitro phosphorylation is only a small fraction of 
what can occur. 

Gornall and coworkers (20) report a 31% 
lower acetylation of whole kidney ribosomal 
protein from adrenalectomized rats 2.5 hr after 
administration of aldosterone . In agreement with 
this, appropriate calculation from our figures 
gives a 38% decrease for whole kidney 
ribosomal proteins 3.5 hr after aldosterone ad- 
ministration, and this yields a negative correla- 
tion with protein synthesis when we remember 
the earlier demonstration (2 1)  of higher incorpo- 
ration of [14C] leucine into whole kidney protein 
after aldosterone administration. It will now be 
interesting to determine whether this negative 
correlation holds for medulla as well as cortex by 
determining whether the functional capacity of 
medullary ribosomes is lower 3.5 hr after aldos- 
terone administration. 

Summary. The role of acetylation of 
ribosomal proteins in the regulation of protein 
synthesis was investigated by examination of the 
effect of aldosterone injection into adrenalec- 
tomized rats on the in vivo incorporation of [3H] 
acetate into the ribosomal proteins of kidney 
cortex and medulla (outer and inner zones) sepa- 
rately. Incorporation of acetate into acetyl 
groups of the ribosomal proteins of adrenalec- 
tomized rats was highest in the cortex. Three and 
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a half hours after aldosterone administration, 
acetate incorporation in the cortex was 60% 
lower and in the medullary zones 77-94% higher 
than in the saline injected controls. This decrease 
for the cortex, and a calculated 38% decrease for 
whole kidney, are negatively correlated with in- 
creased protein synthesis after hormone ad- 
ministration. 
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