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1. Introduction

All proteins in living cells seem to be degraded and
resynthesized continuously. The rate of this turnover
depends upon structural features of the protein. Thus
high turnover tends to correlate with high molecular
mass, low isoelectric point, and pronounced hydro-
phobicity [1—3]. Cells can be induced to synthesize
abnormal proteins by mutations and by addition of
puromycin or amino acid analogues. Such abnormal
proteins are generally rapidly degraded within the cell
[1.2].

Protein degradation is enhanced during starvation
and after transition from growth to quiescence. The
relative enhancement is usually larger for the more
stable proteins than for those with fast turnover
[4—8]. Furthermore, a reduction in temperature or
addition of many compounds inhibits the enhanced
degradation of stable proteins more than that of
unstable normal or abnormal proteins [5,9—11]. Such
observations led to the hypothesis [5] that abnormatl
proteins are catabolized by a pathway that is distinct
from that utilized for enhanced degradation. This sug-
gestion was questioned in [12,13], where puromycinyl-
peptides were degraded at a much slower rate in grow-
ing than in non-growing rat liver.

Here I report that results similar to those in [12,13]
can be obtained with cell cultures. However, the dif-
ference between growing and quiescent cells in degra-
dation rates of abnormal proteins resides in a differ-
ence in proteins rather than in the degradative machin-
ery of the cells.

2. Materials and methods
L-[4,5->H] Leucine was obtained from the Radio-
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chemical Centre, Amersham. D,L-p-Fluorophenylala-
nine and puromycin were purchased from Sigma.
Balb/3T3 cells were grown in Eagle’s MEM with.
Earle’s salts and 10% (v/v) newborn calf serum (Gibco-
Biocult). Media used for experiments contained peni-
cillin G (100 IU/ml) and streptomycin sulphate
(100 pg/ml) and the bicarbonate buffer was substi-
tuted by 10 mM TES (V-tris-(hydroxymethyl)-methyl-
2-aminoethanesulfonic acid) and 10 mM Hepes
(N-2-hydroxyethylpiperazine-N -2-ethanesulfonic acid).
PBS, as used here, refers to a solution containing
137 mM NaCl, 2.7 mM KCl, 4.1 mM Na,HPO,, and
0.73 mM KH,PO,,pH 7 4.
All experiments were carried out at 37°C. Data
relevant for each experiment are given in the figure
legends. The methods are detailed in [8].

3. Results and discussion

The fibroblast cell line used here is subject to
growth control by serum concentration and culture
density [14]. Fig.1 shows, in accord with [8] that pro-
tein is degraded faster in quiescent cells than in grow-
ing ones, and that proteins containing puromycin or
fluorophenylalanine [1,2] are more rapidly degraded
than normal cell proteins. Fig.1 also shows that with
this experimental protocol quiescent cells degrade
both normal and abnormal proteins faster than do
growing cells.

The difference in degradation rates of abnormal
proteins between growing and quiescent cells may
reflect differences in the degradative apparatus, or
quantitative differences in the effects of puromycin
and fluorophenylalanine on protein synthesis in the
two growth states. Indeed, fig.2 shows that protein
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Fig.1. Degradation of normal cell proteins, abnormal proteins
containing p-fluorophenylalanine and of puromycin-peptides
in growing and in density-inhibited Balb/3T3 cells. Growing
and density-inhibited Balb/3T3 ciltures were prepared in

5 cm Petri dishes as in [8]. The cultures were incubated for
30 min in 3 ml of either normal growth medium (o,®) or in
medium with § mM D,L-p-fluorophenylalanine instead of
phenylalanine (2,4) or in medium with puromyecin, 20 pg/ml
(o,m), The medium was then changed to the same medium,
but with 0.2 mM [*H]leucine (10 xCi/ml), whereupon the
cultures were incubated for 1 h. The cultures were then
washed in 3 X 6 ml PBS with 0.2 mM leucine and added 9 ml
growth medium with 10% v/v calf serum and 4 mM unlabelled
leucine, Protein degradation was assessed from the trichloro-
acetic acid-soluble radioactivity in samples of medium, taken
of the indicated times [8]. Open and filled symbols denote
growing and density-inhibited cultures, respectively.

synthesis is more sensitive to puromycin in quiescent
cells than it is in growing cells. Similar results were
obtained with fluorophenylalanine (not shown).

Puromycin is a peptide-chain terminator, and the
size of the puromycinyl-peptides decreases with
increasing concentration of puromycin and, hence
with increasing inhibition of amino acid incorporation
[15]. Among puromycinyl-peptides, those with low
molecular mass are the least stable [16]. The metab-
olic stability of puromycinyl-peptides is therefore
also correlated to the inhibition of amino acid incor-
poration, as shown in fig.3. This correlation does not
differ for growing and for density-inhibited cells
(fig.3). It seems reasonable to suppose that the size of
puromycinyl-peptides is comparable in cultures, that
have had their [*H]leucine incorporation inhibited to
the same extent. Accordingly, fig.3 shows that com-
parable, abnormal proteins are degraded equally fast
in growing and in quiescent cells.

The difference in degradation rates between puro-
mycinyl-peptides in growing and in density-inhibited
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Fig.2. Effect of puromycin on [ *H]leucine incorporation into
growing and quiescent Balb/3T3 cells. Growing and density-
inhibited Balb/3T3 cultures in § cm Petri dishes were pre-
pared as in [8]. The cultures were incubated for 30 min in

3 ml medium with the indicated concentration of puromycin.
[*H]Leucine was then added to final conc. 0.2 mM (10 pCi/
ml), and the incubation continued for a further 30 min. The
cultures were then washed in 3 X 6 ml PBS with 0.2 mM leu-
cine and dissolved in 2 m10.1 M NaOH, 0.4% sodium deoxy-
cholate. Incorporation was assessed from the trichloroacetic
acid-insoluble radioactivity in this cell extract and calculated
as % incorporation in the absence of puromycin. Open and
filled symbols denote growing and density-inhibited cultures,
respectively.
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Fig.3. Correlation between inhibition of [ *H]leucine incorpo-
ration by puromycin and subsequent release of [ *H]leucine
(protein degradation). Labelled Balb/3T3 cell cultures were
prepared as in fig.2, whereupon they were washed by 3 X 6 ml
PBS with 0.2 mM leucine and incubated in 5 ml growth
medium with 10% (v/v) calf serum and 4 mM leucine. Protein
degradation was assessed from the difference in trichloro-
acetic acid-soluble radioactivity between samples of medium
taken 10 min and 1 h after the end of the labelling period.
Incorporation was calculated as the total recovered activity
less the acid-soluble activity in the medium at the first sam-
pling. Incorporation is expressed as % of the incorporation
found in cultures with the same cell density, but without
puromycin, Open and filled symbols denote growing and den-
sity-inhibited cultures, respectively.
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cells is therefore due to differences in the molecular
weight of the puromycinyl-peptides, and there is no
need to suggest a difference in the degradative appara-
tus for abnormal proteins.

A similar explanation may also hold for the obser-
vations in [12,13] on differences in degradation rates
between puromycinyl-peptides in growing and non-
growing rat livers. The results therefore support the
suggestion [5] that the majority of abnormal proteins
follow a degradative pathway that is distinct from
the pathway utilized for enhanced protein degradation.

Acknowledgements

I thank Mrs Anne-Marie Lauridsen for technical
assistance, Professor S. O. Andersen for critically read-
ing the manuscript, and Carl and Ellen Hertz’ Founda-
tion for financial support.

References
[1] Goldberg, A. L. and St John, A. C. (1976) Annu. Rev,

Biochem. 45, 747-803.
[2] Ballard, F. J. (1977) Essays Biochem, 13, 1-37.

FEBS LETTERS

June 1981

[3] Dice, J. F., Hess, E. J. and Goldberg, A. L. (1979) Bio-
chem.J. 178,305-312.

[4] Epstein, D., Elias-Bishko, S. and Hershko, A. (1975)
Biochemistry 14, 51995204,

[5] Knowles, S. E. and Ballard, F. J. (1976) Biochem., J.
156,609-617.

[6] Scomnik, O. A. and Botbol, V. (1976) J. Biol. Chem.
251, 2891-2897.

[71 Warburton, M. J. and Poole, B, (1977) Proc. Natl. Acad.
Sci. USA 74,2427-2431.

[8] Hendil,K. B. (1977) J. Cell. Physiol. 92, 353—-364.

[9] Amenta, J. S., Sargus, M. J. and Baccino, F. M. (1977)
Biochem, J.'168, 223-227.

[10] Seglen, P. O., Grinde, B. and Solheim, A. E. (1979) Eur.
J. Biochem, 95, 215-225.

[11] Neff, N. T., DeMartino, G. N. and Goldberg, A. L.
(1979) J. Cell. Physiol. 101,439-458.

[12] Amils, R., Conde, R. D. and Scornik, O. A. (1977) Bio-
chem, J. 164, 363-369.

[13] Scornik, O. A., Bothol, V., Conde, R. and Amils, R.
(1978) in: Protein Turnover and Lysosome Function
(Segal, H. L. and Doyle, D. J. eds) pp. 119-133, Aca-
demic Press, London, New York.

[14] Holley, R. W. (1975) in: Proteases and Biological Con-
trol (Reich, E. et al. eds) pp. 777784, Cold Spring
Harbor Laboratory, New York,

[15] Williamson, A. R. and Schweet, R. (1965) J. Mol. Biol.
11,358-372.

[16] Hendil, K. B. (1976) J. Cell. Physiol. 87, 289-296.

79



