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The validity ‘of Schoenheimer’s concept of the general dynamic state of 
tissue proteins has been challenged by the studies of several groups who 
have demonstrated the lack of turnover in certain proteins of microor- 
ganisms (1,2) and of some animal tissues (3-5). In an attempt to reconcile 
the stability of bacterial proteins with the apparent instability of some 
mammalian proteins, it has been suggested that rapid isotope incorporation 
into the mammalian proteins is a phenomenon peculiar either to tissues 
which secrete large amounts of protein or to populations of cells under- 
going rapid division (2). The observation has been reported previously 
(6, 7) that, in a matter of 4 weeks (possibly less), the guanidine group of 
arginine found in the total liver proteins of rats constantly exposed to C”Oz 
had attained 94 to 199 per cent of the specific activity of excreted urea; 
i.e., substantially all of the protein had been renewed. It would appear 
that, in the processes of metabolism and synthesis of protein for export, 
a major portion of the protein which remains in the liver also is replaced. 
Pl’or can this renewal be explained as a replacement of cells, since the life 
span of liver cells has been shown to be at least 4 to 5 months (8, 9). 

In the present study the technique of continuous exposure of rats to 
isotopic carbon dioxide was applied to the estimation of the turnover rates 
of these proteins. This was accomplished principally by the measurement 
of the kinetics of arginine metabolism in rat liver. Several experiments 
which involve the metabolism of glycine and lysine in the same animals 
will also be described. 

When the rise in the radioactivity of a component is employed to cal- 
culate the rate of renewal of the component, it is necessary to identify its 
precursors and to measure the changes in the radioactivity of these sub- 
stances. Non-protein arginine is undoubtedly the precursor of protein 
arginine; its guanidine group is presumably the precursor of urea. The 
direct observation of the rising curve of activity in free liver arginine was 
not made for several reasons: the difficulties in isolating and counting the 
small amount of free amino acid present, complicated by the extreme ra- 

* This work was performed under the auspices of the United States Atomic Energy 
Commission. A preliminary report of this work was presented at the meeting of 
the American Chemical Society, New York, September 9-14, 1957. 
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pidity of its equilibration with isotope, and the fact that this procedure 
would require comparisons among animals rather than within the same 
animal. Nevertheless, a minimal and a maximal time-course of increasing 
specific activity in free arginine may be inferred. The continuous adminis- 
tration of CFO~ produces an immediate rise in the specific activity of in- 
tracellular COZ, which remains constant for the duration of the exposure 
(10). COz is rapidly incorporated into the guanidine group of arginine 
through only one or two intermediate compounds and is released as urea 
via the reactions of the Krebs-Henseleit cycle, which apparently are con- 
fined to the liver. Since the equilibration of intracellular CO* is so rapid 
and the amount of free arginine so small, the rise in the specific activity of 
the guanidine group may be considered ahnost instantaneous, particularly 
relative to the rate of protein formation. 

On the other hand, a maximal estimate of the time required for this rise 
can be obtained from the periodic measurement of the specific activity of 
the urea excreted. A value for this time-course was obtained and was also 
used in the calculation of the turnover rate of liver protein. 

Arginine also possesses a second carbon atom derived in part from CO%, 
i.e. the carboxyl group. In this case there is a host of reactions between 
the initial fixation of COZ into oxalacetic acid and the formation of orni- 
thine; hence, it was not possible even to infer the rise in radioactivity of 
the free arginine carboxyl group. However, the specific activity of the 
carboxyl group of protein arginine was measured in several instances in 
order to compare the kinetics of this group with those of the guanidine 
moiety. 

The accompanying scheme appears to be a plausible representation of 
arginine metabolism in the liver and is consistent with information availa- 
ble in the literature. It is reasonably certain that protein synthesis starts 
with free amino acids and that protein degradation ends with free amino 
acids (11). Although thermodynamically easy, exchange of amino acids 
in and out of intact protein apparently does not occur in animals (12). 
Also, substantially all of the protein in the liver is involved in turnover 
since the guanidine group of protein arginine attains the specific activity of 
urea at isotopic equilibrium (6, 7). 

The symbol V represents the reaction velocity in micromoles of the given 
compound or group formed by the reaction per day. The capital letters 
designate the specific activity of the component at any time: U, the specific 
activity of urea at equilibrium, which is equivalent to intracellular COZ 
(P); P,, the specific activity of the immediate precursor of ornithine; 
A,, the specific activity of the guanidine carbon of free arginine; A,, the 
specific activity of the carboxyl carbon of free arginine; and R, and R,, 
the specific activities of guanidine and carboxyl carbons, respectively, of 



R. W. SWICK 753 

arginine in protein. The appropriate lower case letters will be used to in- 
dicate the amount of the component present. It will be understood that 
“arginine” represents the several compounds of the Krebs-Henseleit cycle, 
viz. ornithine, citrulline, and arginine, which are in rapid equilibrium with 
one another. Hence, it is permissible to represent the rate of incorporation 
of CO* into arginine guanidine by a single reaction velocity, VI,. 
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Let us consider the reactions which involve the guanidine group of 
arginine . At t = 0, exposure to U40~ occurs and is continued. Because 
the amount of soluble arginine is small compared to the amount of arginine 
in protein, and because free nrginine perforce is metabolically very active, 
its average specific activity must be a function only of the specific activity 
of its precursors, arginine arising from liver protein and de novo synthesis. 
Therefore the specific activity of the guanidine group (A) will be the 
weight.ed average of P and R. 

A 
= VP + VA2 

VI + va 

As with the nucleic acids (8, 13), the rate at which activity is introduced 
into the protein is given by 

d(rR) 
-- = VtA - VaR 

dt 

Since the rats used in these experiments were not growing, r, the amount 
of arginine in the protein, may be considered constant. Also, V2 = Vs 
under these conditions. By substituting the expression for A of Equation 
1 for A in Equation 2 and integrating, we obtain 

(3) R = l’[l - exp( -&.;t)] 
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In the present situation, V1 is so rapid relative to Vt that the ratio VI/V1 
+ Va is essentially equal to 1, leaving only VJr in the expression; hence, 
Equat,ion 3 gives a minimal approximation of the true renewal rate for 
liver protein arginine.l 

On the other hand, if the rise in specific activity of A can be represented 
by the rise in specific activity of the urea, then the specific activity of A 
at any time will be expressed by 

(4) A = U(l - e+t) 

where I/ is the specific activity of urea at equilibrium and k is obtained 
from the observed rise in specific activity of urinary urea. Substitution 
of the expression for A of Equation 4 into Equation 2 gives 

(5) r $ = V&7(1 - e-k”)] - VZR 

since VZ = Va. 
Integration of Equation 5 yields 

(6) 

V?. - 
-;t + T 

k 
vz e-kt -- 
r 

Equation 6 gives a maximal value for the rate of renewal of liver arginine. 
The substitution into Equations 3 and 6 of the observed specific activities 
of protein arginine and urea isolated from rats exposed for various periods 
makes it possible to estimate the turnover rate of arginine in liver protein 
which, presumably, is equivalent to the turnover rate of the protein. 

It was possible to study the incorporation of COZ into glycine in a 
manner similar t,o that employed for the study of COZ incorporation into 
the guanidine group of arginine. Benzoic acid is conjugated with glycine 
to form hippuric acid in t,he liver, and to some extent in the kidney, and 

1 Although Equation 3 is the equation which, in one form or another, has been 
commonly used in the interpretation of turnover experiments, it usually does not 
give a true picture of the renewal rate of the macromolecule under consideration. 
Besides the turnover rate, Vt/r, the exponent is a function of two other reaction 
velocities: the rate at which the isotopic precursor is being formed or furnished 
(VI) and the rate at which the precursor is being formed by the degradation of the 
product (I’,). When the animal is in a state of dynamic equilibrium, VI = V,, the 
rate of disappearance of the precursor, and VZ = VS. If V2 is of the same order of 
magnitude as V,, then there will exist ample opportunit,y for the isotopic molecule t.o 
cycle in the system before it is lost through excretion or degradation. Therefore, 
Equation 3 may give only an estimat,e of the turnover rate of the isotopic molecule in 
the precursor-product system rather than an estimate of the renewal rate of the 
macromolecule per se. This will be illustrated by the accompanying data. 
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is excreted in the urine. Periodic measurement of the specific activity 
of urinary hippuric acid affords an estimate of the rise in specific activity 
of free glycine in the liver. 

Glycine metabolism in the liver may be represented by the following 
scheme. 

Hippuric acid 

Vl t V% 
coz - P ___f Glycine e Protein 

(-4) 1 v3 (RI 

4. 
Excretion 

Here, the experimental data obtained were fitted to Equation 6, since the 
rise in specific activity of hippuric acid, and presumably of free glycine, 
was much slower than the rise in specific activity of urea. An estimate 
of Vz/r was calculated for glycine and compared with the estimates made 
for arginine in the same animal. 

In order to compare the data observed in these experiments with those 
obtained previously by others who employed labeled essential amino acids, 
lysine-l-C4 was administered in combination with C1402. Also, the 
specific activity of the carboxyl group of protein arginine was determined 
in several instances since arginine is considered to be at least a semiessential 
amino acid. In neither instance was it possible to obtain an approxima- 
tion of the rising curve of radioactivity in the free hepatic amino acids. 
The specific activity of protein lysine at equilibrium must approach the 
specific activity of dietary lysine. The ultimate specific activity of the 
carboxyl group of arginine was assumed to be one-tenth of the equilibrium 
value for urea since this ratio had been observed previously under identical 
dietary conditions (7). The observed specific activities of these amino 
acids in liver protein and the value for P calculated as described were 
fitted to Equation 3, and an estimate of VI/V, + VS. VJr was obtained. 
The data presented below will show that the value of this exponent cal- 
culated from the incorporation of lysine and the carboxyl group of arginine 
differs greatly from that calculated for the incorporation of the guanidine 
group of arginine into protein. Therefore, the quotient VI/VI + V3 
does not approach 1 and VI must be of the same order of magnitude as Vs. 
If the validity of the estimates of VJr as given by the guanidine group of 
arginine is accepted, then the value of VI,, the rate of formation of the car- 
boxy1 group of free arginine (or of a VI for the rate of appearance of dietary 
lysine in the hepatic lysine pool), may be calculated for the same animal 
when the amounts of the amino acids are known. Furthermore, the 
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probability that a given amino acid which arises from the degradation of 
liver protein will be reincorporated may be calculated from the expression 
V2/V1, + Vt, where V2 = Vs. 

Methods 

Female adult Sprague-Dawley rats weighing 250 to 300 gm. were placed 
on a diet containing CaCY& and, as the sole protein source, a mixture of 
essential amino acids and ammonium citrate. The diet (E&la) and the 
manner in which it was fed have been described previously (7). Sodium 
benzoate was added to the diet at a level of 1 per cent in two experiments. 
Lysine-l-Cl4 was incorporated at a level of 2000 c.p.m. per gm. of diet in 
two other experiments. Body weight varied no more than fl gm. during 
the exposure period, which ranged from 1 to 8 days. Urine was collected 
under toluene in 3 hour fractions by placing the metabolism cages which 
contained the rats over another fraction collector. The animals were 
killed by exsanguination, the livers were removed and weighed, and the 
protein fraction was prepared as described previously (6). 

Arginine was isolated in either of two ways. In the first trials arginine 
was precipitated as the flavianate, regenerated with HCl, and the flavianic 
acid was removed with Dowex 2 HCOa-. The guanidine group was ob- 
tained as CO2 by hydrolysis with saturated NaOH in a sealed tube at 117’ 
for 16 hours, In recent experiments, the protein hydrolysate, after re- 
peated evaporations and washings and neutralization with Dowex 2 HCOa-, 
was adsorbed on a mixed bed column of Dowex 2 Cl- and Dowex 2 OH- 
in a 3: 1 ratio (14). Arginine was eluted almost immediately with water. 
The amino acid was then treated with arginase according to the procedure 
of Hunter and Dauphinee (15) to yield urea which, in turn, was treated 
with urease to yield COZ. Identical results were obtained with either 
method, but the latter procedure was preferred for its speed. Urinary urea 
was also treated with urease. 

Glycine was isolated by one-dimensional descending paper chromatog- 
raphy on Whatman No. 17 filter paper fitted with a Whatman No. 1 
wick and buffered at pH 12 (16). Phenol, nearly saturated with buffer, 
was the developing solvent. It was possible to elute 4 to 5 mg. of glycine 
free from other amino acids from a single sheet. Hippuric acid was 
isolated from successive 3 hour samples of urine by extraction at pH 3.8 
with ethyl acetate (17). The ethyl acetate was removed by evaporation 
and the hippuric acid was hydrolyzed with 2 cc. of 3 N HCl at a reflux for 
4 hours. Glycine was the only amino acid in these hydrolysates. 

Lysine and the other amino acids were eluted from the Dowex column 
with dilute acid, and the acid was removed by distillation and treatment 
with Dowex 2 HCOa-. The carboxyl group of lysine was then obtained 
as COZ by incubation with lysine decarboxylase (18). 
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The carboxyl groups of arginine which had been isolated chemically and 
of glycine were liberated as CO2 with ninhydrin and the radioactivity of 
all samples was measured by proportional gas counting (19) with an 
accuracy of f 1 per cent. 
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FIG. 1. The incorporation of 04 into urinary urea collected at successive 3 hour 
intervals from one rat. The relative specific activity of the urea at equilibrium is 
taken as 100. 0, observed specific activity. The smooth curve satisfies A = 100 
(1 - 6.649. The time of initial offering of isotopic diet is indicated by the arrow. 
The lag is caused by a number of factors: the animal had 1 hour in which to consume 
the first offering, the collection period was 3 hours long, and urine was retained in the 
bladder for some time. 

Results 

Incorporation of COZ into Urea-The specific activity of the urea was 
determined in each succeeding 3 hour sample of urine, starting at t = 0 
until the specific activity became constant. This usually required about 
18 f 3 hours. An example of the data obtained is shown in Fig. 1. Sam- 
ples selected at different points throughout the entire exposure period were 
also analyzed in order to confirm the constancy of the specific activity of 
the metabolic COZ, to be certain that a plateau had been reached, and to 
determine the equilibrium value for urea. 
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Equation 4 was then rearranged to give 

(7) ln(U - A) = In U - kt 

the regression of ln(U - A) on t was calculated, and the slope, i.e. k, was 
found. The values obtained for k for each animal are shown in Table I; 
k should equal V1,/a, the fraction of the free arginine pool formed each 
day. The amount of non-protein arginine in a 10 gm. liver amounts to 
about 4 pmoles (20). If k = 5, then V1 = 20 /Imoles per day; i.e., 20 
pmoles of arginine-guanidine group are formed from CO2 each day. This 

TABLE I 
Values of k, Rate Constant for Appearance of Radioactivity 

in Urinary Constituents in Day.9 

Days exposed 

8 

Average. . . . . . . 

- 

_- 

- 

Urea 

8.26 
5.47 
7.52 

3.77 
2.72 

3.08 
4.60 
4.54 
3.90 

5.53 
3.11 
4.59 

4.76 

7 

_- 

.  - 

- 

Hippuric acid 

1.31 

1.06 

is obviously not the case since these rats excreted some 6000 pmoles of 
urea each day. Hence the observed k must represent the fraction of total 
body urea turned over each day. Dividing 0.693 by the average k gives 
the value for the half life of body urea and is equal to about 0.15 day or 
3.6 hours. Liefer et al. (21) administered isotopic urea to mice and esti- 
mated its half life to be about 5 hours. 

Incorporation of Arginine into Protean-Comparison of the specific 
activity of the guanidine group of arginine isolated from the protein with 
the equilibrium value for urea, after normalization, shows that the protein 
arginine has been replaced to the extent of about 25 per cent after 1 day’s 
exposure, 42 per cent after 2 days, and 63 per cent and 78 per cent. after 
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4 and 8 days, respectively (Table II). When the specific activities for the 
guanidine group (R), urea (U), and k as calculated above are fitted into 
Equation 6, the maximal value for Vz/r may be calculated (Table III). 
Substitution of these same specific activities into Equation 3 gives a minimal 
value for Vz/r (Table III). 

It is clear that the value obtained for Vz/r is related to the length of 
exposure of the animal; the shorter the exposure, the faster the apparent 
turnover rate. That the apparent high turnover rate observed after 1 

TABLE II 

Radioactivity in Amino Acids in Liver Protein* 

Days exposed 

- 
I Arginine guanidine 

26.3 
25.0 
24.2t 

40.8 
42.3 

61.1 
62.6 
63.4 
64.5 

77.9 
77.1 
78.8 

Glycine carboxyl Arginine carboxyl 

57.8 

74.3 

36.4 
31.2 

57.4 
54.6 

Lysine carboxyl 

44.8 
42.6 

* All values are expressed aa per cent of equilibrium values. These are for ar- 
ginine guanidine, the specific activity of urea; for glycine carboxyl, the specific 
activity of hippuric acid; for arginine carboxyl, one-tenth the specific activity of 
urea (see the text); and for lysine carboxyl, t.he specific activity of dietary lysine. 

t Liver perfused before dissection. 

day’s exposure is not due to the presence of the proteins of the blood in the 
liver was established by perfusion of liver of one of the rats thus treated. 
The incorporation of activity was the same as that observed in unperfused 
livers (Table II). 

Incorporation of Glycine into Protein-The appearance of radioactivity 
in the glycine moiety of excreted hippuric acid was slower than its appear- 
ance in urea. The specific activity became-constant after about 54 hours. 
The data were fitted to Equation 7 and the slope of the regression was 
calculated as for urea (Table I). There are two factors which affect the 
reliability of k. As in the case of urea, k represents the rate of appearance 
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of labeled hippuric acid in the urine. Secondly, the rat also conjugates 
benzoic acid in the kidney at about one-third the rate in the liver (22). 
However, since the metabolism of fixed carbon in kidney is much like that 
in liver (23), the effect may be negligible. 

After 4 days exposure, protein glycine had attained 57.8 per cent, and 
after 8 days 74.3 per cent of the equilibrium specific activity of the urinary 
hippuric acid (Table II). Substitution of the appropriate values into 
Equation 6 gives V,/r, the rate of replacement of protein glycine for com- 
parison with the rate of renewal of protein arginine. The agreement of 

TABLE III 
Apparent Turnover Rate Constants for Amin,o Acids in Liver Protein in Days-’ 

---Ii- 

Days 
exposed 

- 

_- 

- 

0.31 
0.29 
0.28 

0.26 
0.27 

0.24 
0.24 
0.25 
0.26 

0.19 
0.18 
0.19 

- 

.- 

- 

0.33 
0.36 
0.33 

0.31 
0.34 

0.26 
0.26 
0.27 
0.28 

0.19 
0.19 
0.20 

- 

_- 

- 

0.25 

0.19 

0.11 
0.09 

0.11 
0.10 

0.07 
0.07 

the estimates of the turnover rate of the two amino acids in the same 
animal is excellent (Table III). 

Incorporation of Rad~oacthw Lysine and Carboxyl Group of Arginine into 
Protein-The specific activity of the protein lysine was determined after 
8 days exposure to a diet containing lysine-1-CY4. About 43 per cent of 
the protein lysine had been replaced with isotopic lysine during this period 
(Table II). The observed specific activities were fitted to Equation 3 and 
the value of the expression VI/V, + Va- Ve/r calculated (Table III). 
The specific activity of the carboxyl group of protein arginine rose to 36 
per cent of the assumed equilibrium value after 4 days and to 56 per cent 
in 8 days (Table II). Substitution of these values into Equation 3 gives 
an average value of 0.10 for VI/V1 + V3. VJr (Table III). 
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It is possible to calculate the value of VZ, the rate of incorporation of 
the guanidine group into protein, from the experimentally determined 
value of VJr and the calculated value of r, the amount of arginine in the 
liver proteins, derived from the data of Sauberlich and Baumann (24) 
(Table IV). It also appears valid to assume that VJr will be the same for 
all of the amino acids in a given animal. Therefore, it is possible to cal- 
culate VI,, the rate of formation of the carboxyl group of free arginine, 
and, in an analogous fashion, to calculate the incorporation of isotopic 
dietary lysine into free hepatic lysine (Table IV). It may be seen that the 
value of VI for these two groups is of the same order of magnitude as VZ. 
Furthermore, the probability of reutilization of either of these amino acids 

TABLE IV 
Parameters oj Arginine and Lysine Metabolism 

Days 
exposed 

T 

Guanidine group 
into rot&* 

P Vr) 

/mwles per day 

150 
160 

98.5 
117 
131 

Formation of 
arginine carboxy 

(VIA 

Probability of 
reutilization of 

arginine carboxyl 

0.54 
0.64 

127 

I 

0.48 
191 0.41 

Lysine into 
bver (VI) 

115 
85.2 

Probability of 
reutihtlon 

of lysine 

0.46 
0.58 

* Minimal values. 

may be estimated. The results of this calculation are also shown in Table 
IV. It is clear that the probability is high. 

DISCUSSION 

The experiments described herein were designed to satisfy in as many 
ways as possible the criticisms leveled at previous attempts to estimate 
the turnover rate of proteins. There exists sufficient experimental evidence 
to justify the belief that free hepatic arginine is the precursor of both hepatic 
protein and urea. Although the rising curve of radioactivity of free 
arginine was not measured, minimal and maximal values for its time-course 
were described and its ultimate specific activity was measured. Further- 
more, it has been shown that the liver protein will attain the same equilib- 
rium specific activity in 4 weeks (7). Therefore, it is possible to calculate 
the rate of incorporation of the guanidine group of arginine into protein. 
That glycine incorporation, measured in an analogous fashion, occurs at a 
rate nearly identical with the rate of guanidine incorporation strongly 
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indicates that the replacement rate of arginine is synonymous with the 
renewal of liver protein.2 

The observation that the apparent renewal rate decreases with increased 
time of exposure is consistent with the well established heterogeneity of 
metabolic activity of liver protein. Since t,here are probably as many 
turnover rates as there are species of liver protein, any attempt to break 
the data into components is pointless. However, it seems certain that the 
rates of replacement are all quite rapid. When the data are expressed 
in terms of half lives, the minimal values range from 1.8 to 3.6 days and the 
maximal figures are 2.2 to 3.8 days.s These results are in excellent agree- 
ment with the 2.4 days found by Ussing (26), who followed the incorpora- 
tion of deuterium into liver prot,eins of rats continuously furnished with 
DzO, and with the 2.8 days calculated by Tarver and Morse (27), who fed 
methionine-Sa6. A number of workers have reported half lives of about 
twice these values (28-30). Calculations made from the data obt,ained 
with lysine and t,he carboxyl group of arginine also result in a longer 
apparent half life for liver protein: 10 and 7 days, respectively. These 
figures are valid only if the assumption is made that the specific activity 
of the precursor pool rose immediately to it.s equilibrium value, which, 
evidently, it did not do. The slow rise in specific activity may be explained 
in part by the following considerations. Block (31) has recently suggested 
that, when a tracer amino acid is administ,ered, the rise in specific activity 
of free amino acids in liver is far from rapid because of the significant 
cont,ribut,ion t,o the free amino acid pool of unlabeled amino acids which 
arise from t,he hydrolysis of digestive enzymes in the tract. Secondly, 
since the lysine content of the diet was minimal and all of the arginine 
carbon chain arose from a barely adequate synthetic system, one would 
expect t,hat the reut.ilization of amino acids derived from the degradation 
of liver protein would be maximal. Indeed, the probability of reutilization 
was of the order of 50 per cent for these amino acids (Table IV). Loftfield 
and Harris (11) observed that about 50 per cent of protein-derived leucine 
was reutilized for protein synthesis in their in vitro system. Solomon and 

2 The relat.ive amount of arginine in liver prot,ein probably follows a normal dis- 
tribution as does t.he relative amount of glycine, with no correlation between the two. 
The various turnover rates of the liver proteins probably also exhibit such a distribu- 
tion. Similar renewal rates were calculated from t,he incorporation of the t,ao amino 
acids at each of t\vo points on the time scale, although the rates at the two times 
differed. This indicates that the amounts of arginine a.nd glycine are not correlated 
with the turnover rates of t,hese proteins, even by coincidence. 

8 It has been suggest,ed that much of the protein synthesized by the liver is plasma 
albumin, and indeed the amount of albumin formed daily ‘as calculated by others 
would account for most of the protein synthesized at the rat.es presented here. How- 
ever, this total amount of albumin is never present in the liver at, any one time (25) ; 
therefore the data are still derived largely from the proteins native to the liver. 
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Tarver (32) have shown that an increased dietary protein produces an 
apparent increase in the rate of turnover of liver protein. 

The rise in radioactivity of the guanidine group of free arginine should 
be scarcely affected by these factors because of the extreme rapidity of its 
renewal. Reutilization of guanidine carbon derived from digestive 
enzymes, plasma proteins, or hepatic protein is at a minimum. It was 
estimated that about 98 per cent of the free guanidine groups was newly 
synthesized material. 

It would appear, then, that the guanidine group of arginine, labeled 
from C1402, is an excellent t,racer for the measurement of the renewal of 
proteins which originate in the liver, because of the ease of analysis of its 
specific activity and because the precursor pool of free arginine is always 
composed of newly synthesized material, the specific activity of which may 
be easily ascertained and is not unduly influenced by extracellular factors. 
Therefore, variations in the rate of incorporation of isotopic arginine into 
liver-derived proteins should reflect only variations in the rate of synthesis 
and degradation of these macromolecules. 

Grateful acknowledgment is made to Dr. David A. Yphantis for his 
interest and helpful suggestions in connection with the theoretical aspects 
of this work. 

SUMMARY 

The rate of renewal of liver proteins has been estimated from the measure- 
ment of the incorporation of Cl402 into the guanidine group of arginine in 
adult rats continuously exposed to isotope for periods of 1 to 8 days. 
The calculated half lives of liver proteins ranged from 1.8 to 3.8 days, 
depending upon the duration of the exposure. The similarity of estimates 
made from t,he incorporation of isotopic glycine in the same animals leads 
t.o the conclusion that the rate of incorporation of either glycine or the 
guanidine moiety of arginine represents the rate of protein renewal. 

Estimates made from the incorporation of lysine-l-Cl4 or of the carboxyl 
group of arginine labeled from Cl402 were considerably larger, sugge&ing 
an efficient mechanism for the conservation and reutilization of these 
amino acids. 
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