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1. Introduction 

Compensatory renal hypertrophy, regenerating 
liver, and the isoproterenol stimulated salivary gland 
are useful models for studying the changes in protein 

metabolism during accelerated growth. Previous 
experiments suggested that the protein gain in these 

organs was accomplished by an increased rate of 
protein synthesis [I] , although a reduction in the rate 
of protein degradation could account for the increased 
protein content. Reduced protein catabolism has pre- 

viously been shown to occur during bacterial growth 
[2], muscle hypertrophy [3], liver regeneration [4], 

and in numerous other systems [5] . This report shows 
that a decrease in degradation of pre-existing proteins 
contributes significantly to net protein gain during renal 
hypertrophy, liver regeneration, and isoproterenol- 
stimulated parotid growth. Before stimulation of 

growth, proteins were labelled with arginine (guanido- 
I4 C) and the mean half-life was determined by follow- 
ing the loss of protein radioactivity. The half-life of 
renal proteins increased 66% during compensatory 
renal hypertrophy. Following partial hepatectomy, the 
half-life of hepatic proteins increased 71%. Daily 
injections of isoproterenol increased the mean half- 
life of parotid proteins 84% while cardiac protein half- 
life was not changed. This is the first report of the 
significance of protein degradation during renal hyper- 
trophy and isoproterenol-stimulated parotid growth. 

2. Materials and methods 

Charles River male mice (6-8 weeks old, 30-35 
gm) were maintained in a 12 hr light-12 hr dark cycle 
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for one week; Purina lab chow and water were given 
ad lib. Mice received injections of L-arginine (guanido- 

14C) (Schwarz/Mann, 46 mCi/mmole) 36-48 hrs before 
growth stimulation. The isotope injections were given 
subcutaneously so that isotope distribution was more 

uniform among the several tissues. Partial hepatectomy 
was performed as described by Higgins and Anderson 
[6] ; uninephrectomy was performed as previously 

described [7]. Isoproterenol (Mann Research Labora- 
tories) was suspended in sesame seed oil (25 ,ug/ 0.2 ml) 
and 0.2 ml was injected subcutaneously each after- 
noon. Control mice received only sesame seed oil. 
Tissue samples were frozen and stored ( -25’C) at 
least two days. After all tissues were collected, they 
were processed together on the same day. Samples 
were homogenized in 5% citric acid-O.25 M sucrose 
and aliquots were taken for estimation of protein, 

nucleic acids and radioactivity. Protein concentration 
was assessed by the method of Lowry, et al. [8]. 
DNA and RNA fractions were prepared and analyzed 

as described by Scott, et al. [9] as modified by 
Hinrichs, et al. [lo] . 

3. Results and discussion 

Fig. 1A shows the loss of radioactivity in the re- 
maining mouse kidney after uninephrectomy or sham 
operation. Since the DNA content does not change 
during renal growth [7], this value represents protein 
radioactivity per cell. The mean half-life of the 
kidney proteins is 2.9 days for sham mice and 4.8 
days for the uninephrectomized mice (table 1). 

Treatment of mice with daily doses of isoproterenol 
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Fig 1. A) Mice were injected with 20 pcuries of arginine (guanido- “C) 48 hr later all animals were subjected to either unine- . 
phrectomy (O-O-O), or sham operation (o-o-o). The kidneys removed from uninephrectomized mice were used to 
determine the zero time point. At the time intervals indicated, mice were killed and kidneys were taken and frozen at -25°C. DNA 
and protein fractions were prepared as described in the text. Each point represents the mean and standard error for three mice. 
B) Mice were injected subcutaneously with 20 rcuries of arginine (guanido-“C) 36 hr prior to receiving their first injection of 
isoproterenol. At 24 hr intervals, mice were injected with 25 pg of isoproterenol (a-e-e, ~--m--m) or vehicle only (o-o-o, 
o-o-o). At the indicated time intervals, mice were killed and parotid glands and hearts were taken and frozen at -25°C. Since 
the parotid glands grew extensively over the time period studied, results are presented as radioactivity in protein per organ. Each 
point represents the mean and standard error for four mice. 

Table 1 
Growth and protein degradation rates in liver, kidney, heart and parotid 

Liver 

Kidney 

Sham operation 
Partial hepatectomy 
Sham operation 
Uninephrectomy 

TrYl 

3.8 
6.5 
2.9 
4.8 

Per cent Per cent of control 
of control TIN wet weight 

171 N.D. 

166 139 
Parotid Control 3.8 

Isoproterenol 7.0 184 276 
Heart Control 8.0 

Isoproterenol 8.0 100 104 

The mean half-life of proteins isolated from non-growing and growing tissues was determined as described in the 
text. As an overall index of growth, the percent change in the wet weight of kidney, parotid, and heart, over the 12 
day period is indicated. 

resulted in an increase in growth and average cell had a mean half-life of 8.0 days. The parotid proteins 
protein half-life of the parotid gland but no change from the isoproterenol treated animals had a mean 
in growth or half-life of heart proteins. Proteins from half-life of 7 days with a 13 day half-life for the last 
heart and parotid gland of the control group had mean 9 days of treatment (fig. 1B). The two component 
half-lives of 8.0 and 3.8 days, respectively (table 1). decay curve followed the parotid growth pattern. The 
Heart proteins from isoproterenol treated animals data in fig. 1B are expressed as protein radioactivity 
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per organ since parotid DNA, RNA, protein, and wet 
weight all increased with isoproterenol treatment. 

The results in table 1 for regenerating liver are 
similar to those reported by Scornik [4]. The half- 

life of liver proteins from sham operated animals was 
3.8 days. Values reported from other laboratories for 
protein half-life in normal liver have been 3.34.0 
days [ 1 l] . Our results indicate that partial hepatectomy 
increases the mean half-life of liver proteins to 6.5 

days. 
Although some of the observed increase in protein 

half-life could be accounted for by increased reutiliza- 

tion of arginine, it appears more likely that the 
changes seen here are largely the result of decreased 
catabolism. Investigations of protein synthesis after 
uninephrectomy [ 121 or in isoproterenol-stimulated 
salivary glands [ 131 have found increases too small or 
occurring too late to account for the increase in 
protein content. 

Tomashefsky and Tannenbaum [ 121 have suggested 
that protein accretion during compensatory renal 
hypertrophy is due to an increased rate of protein 
synthesis with no significant changes in protein degra- 
dation. They calculated the mean half-life of rat 
kidney proteins without compensating for the net 

protein gain (between 28% and 57% in their system). 
If their data are recalculated using radioactivity in total 
protein per total DNA, a significant decrease in 
protein catabolism is evident. Furthermore, Goldberg 
[3] has reported unpublished data which suggest a 
decreased degradation of kidney proteins during 
compensatory hypertrophy. 

An estimate of the relative contributions of 
synthesis and degradation can be made using a sim- 
plified model as described by Schimke [ 141 (P = 
(P,-f) (eekt + 2) [ 141’ . Our calculations indicated 
greater than 95% of the net protein gain under 
stimulated growth conditions in kidney could be 
accounted for by a decrease in protein catabolism*. 
All these examples signal the importance of the regula- 
tion of protein catabolism in organ growth. 

* Rates of the protein synthesis in kidney. Calculations are 
based on a 29% increase in protein at 4 days after unine- 
phrectomy. S is the zero-order synthetic rate (mg protein/ 
Mg DNA/day); P, is protein content at steady state (mg 
protein/fig DNA); k is the fust order degradation constant. 
Sham values are 1% = 2.90;k=0.24;S=0.24P0.Unine- 
phrectomy values are fx = 4.8, k = 0.14; S = 0.23 P,. 
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