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Stimulation by cycloheximide of translational activity of rat liver polysomes in vivo
(Received 20 April 1978; accepted 10 August 1978)

Antibiotics which inhibit discrete steps of protein synthesis
have been used to unravel the underlying mechanisms con-
trolling protein synthesis [ 1-3 | and degradation |4 ]in mam-
malian cells and intact animals. One of the frequently em-
ployed antibiotics, cycloheximide, which is a potent inhibitor
of protein synthesis of eukaryotic cells. has been used at lethal
and non-lethal doses for various durations (short- and long-
term) in experiments in vivo. With lethal doses. many bio-
chemical [5, 6} and structural [7] parameters are altered in
the rat prior to the demise of the animal [ 5, 8|. In contrast.
non-lethal doses cause a transient inhibition of protein synthe-
sis followed by a recovery period | 9— 121, including a phase in
which there is an above rate of amino acid incorporation into
cellular proteins [ 11, 13, 14 . In order to define further the
biochemical events occurring during this stimulatory period,
the polysome pattern of liver has been examined.

All studies were performed on 190 + 10 g male Wistar
rats. The maintenance, treatment with cycloheximide (2 mg/
kg body wt). [*H lleucine incorporation (100u Ci/ 100 g body
wt). and removal of livers have been described previ-
ously [14]. Cytoplasmic ribonucleoprotein complexes were
isolated according to the procedure of Palmiter [15]. as
described previously [ 16 . The separation of the various poly-
somal size classes from the freshly isolated ribonucleoprotein
complexes was achieved by using 0.5-1.5M sucrose gra-
dients containing 25 mM NaCl. 5 mM MgCl, and 25mM
Tris—HCI (pH 7.5), centrifuged at 96,300 g for 195 min at
4° in a Spinco SW-27 rotor. The gradient was removed from
the top and monitored continuously at 260 nM in a Gilford
spectrophotometer. To measure the amount of each of the
various size classes of polysomes. the recorded absorbance
was divided into regions encompassing subunits (40S and
60S). monosomes. disomes, trisomes, tetrasomes. penta-
somes. hexasomes and large polysomes (7 ribosomes and
greater). and analyzed by planimetry. Peptidyl-puromycin
fractions were prepared by incubating 30 4,4, units of the
ribonucleoprotein complexes with puromycin (0.5 mM) at
37° for 30 min. After incubation. the ribosomes were re-
moved as the pellet sedimented through a 1.0 M sucrose
cushion in Spinco No. 50 rotor at 42,000 rev/min. The
supernatant fraction containing peptidyl puromycin was di-
alyzed to remove sucrose and low molecular weight (< 8000)
peptidyl puromycin. The large peptidyl puromycin (mol. wt
> 8000) was purified further by a 15-30% sucrose gradient
containing 0.5M KC! and centrifuged for [6hr at
22,000 rev/min in a Spinco No. 27-SW rotor. Protein was
determined by the method of Lowry et al. | 17]. Trichloroace-
tic acid precipitable radioactivity was determined as de-
scribed previously | 18]. Data were presented as the mean + S.
D. of a number of experiments (N). Each experiment con-
sisted of at least two to three rats. The probability that an
effect of the experimental condition was due to chance was
measured by Student’s #-test on the mean difference between
paired observations in a series of different experiments: P
values of less than 0.05 were considered significant.

Animals were treated with cycloheximide 23 hr prior to the
administration of [ °*H lleucine: after a 60-min labeling period.
livers were removed for processing. Since in a previous
study | 13] we demonstrated no changes from controls of the
specific radioactivity of the leucine pool. [ *H lleucine incorpo-
ration was used to measure the rate of protein synthesis in the
present study. Before determining radioactivity of the isolated
liver ribonucleoprotein complexes. the amount of the com-
plexes. expressed as 4,4 /g of liver, was compared between the
normal and the treated animals (Table 1). An 18 per cent
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decrease of the complexes was observed 24 hr after cyclohex-
imide treatment, but the difference was not statistically signif-
icant. This decrease parallels the changes in body weight and
relative liver weight reported previously [ 14] and was proba-
bly due to the hydration state of the animal. In contrast to the
content of the ribonucleoprotein complexes, the radioactivity
associated with the complexes was about 3.7-fold higher in
the treated animal than the control. This significantly higher
level of radioactivity suggested that activation of polysomal
activity had occurred.

In order to understand further the protein synthetic state of
the polysomes. a detailed evaluation of the complexes was
conducted. The polysomal absorbance profiles showed
neither a disaggregation nor an aggregation of the polysomes.
Quantitative values expressed as per cent of total. presented in
Table 2, also indicate no major differences. With the normal
polysome profile (Fig.1 and Table 2), the relative amount of
polysomes (disomes to 7 ribosomes and greater ) was 9 1.8 per
cent of the total. indicating that intact. undegraded., and
biologically active polysomes had been isolated. When the
cycloheximide-treated polysomes were isolated under identi-
cal conditions, that is side by side with the untreated, the
relative amount of polysomes was 91.2 per cent of the total.

Table 1. Comparison of the content and radioactivity of the
cytoplasmic ribonucleoprotein complexes isolated from nor-
mal} and cycloheximide-treated rat liver

Ribonucleoprotein

Condition of Content Radioactivity
rat (A 60/ liver (dis./min/g x 10*)

Normal 72+ 19 (26)* 1.6 + 0.08 (7)

Treated 59 + 19 (12) 6.0 + 0.637 (4)

* Number of experiments is given in parentheses.
= P value is less than 0.05.
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Fig. 1. Absorbance profile of normal and 24hr
cycloheximide-treated polysomes. Freshly isolated ri-

bonucleoprotein complexes (15 A0 units) were used in
each case. The sedimentation coefficient of monosomes
(80S) is indicated by a dotted line.
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Table 2. Effect of cycloheximide on polysome size classes and distribution of radioactivity *

Normal Treated
Sucrose Content Radioactivity Content Radioactivity
gradient (9% of total) (dis./min) (% of total) (dis./min)
Top fractions 420+ 120 651 + 607"
Monomers
40S 1.0+ 04 75+ 24 0.6 +0.2 287 = 257
60S 1.2+0.3 61 ~ 24 2.9+04 314 + 25+
80S 6.0+ 1.1 86 + 26 53+ 1.5 382 + 30+
Poiysomes
2 5.5+0.8 75+ 29 4.0+ 1.3 240 + 367
3 5.4+08 62+ 27 4.7+ 1.1 135+ 167+
4 5.5 0.7 56 + 15 5.0+ 0.9 143 - 13+
5 5.5+ 0.7 58+ 17 5.14+0.6 168 + 15+
6 5.4+ 0.7 56 + 21 53-+0.8 198 + 14+
7" 64.5 + 3. 583 + 194 67.1 6.2 2322 + 1987
I vitro released
peptidyl-
puromycin 640 + 26 1106 + 128~
fraction (100%) (173%)

* Data presented are means + S. D. from four separate experiments.

P value is less than 0.05.

The absence of any significant accumulation of subunits and
monosomes or any aggregation of polysomes suggested that
cycloheximide was no longer inhibiting protein synthesis at
either initiation or translocation. or even at the termination
step of protein synthesis |2 1.

Since polysome profiles alone do not demonstrate activa-
tion of the protein synthetic system of a non-dividing cell.
radioactivity distribution on the sucrose gradient was deter-
mined (Table 2). On the top of the gradient, some soluble
proteins were co-precipitated with the polysomes. An in-
crease of 55 per cent of the radioactivity exhibited by the
cycloheximide treated fraction was in agreement with the
previously observed per cent stimulation of |*H lleucine in-
corporation into various cellular fractions | 11. 13. 141. This
radioactivity represented only a small percentage of the total
increase. As to the radioactivity associated with the various
size classes of polysomes. the treated liver polysomes showed
1.5- to 4.5-fold increases (Table 2). The smaller per cent
increases observed with cellular protein fractions | 14]and the
soluble proteins at the top of the gradient suggest a dilution
of the newly synthesized proteins by the pre-existing protein
pool. The larger increase observed with the various poly-
somes might represent the newly synthesized polypeptides
not yet released from the site of synthesis. In experiments
carried out to release nascent polypeptides from ribonucleo-
protein complexes by incubation in vitro with puromycin.
higher radioactivity (173 per cent of the control) was present
in the peptidyl-puromycin fraction obtained from the treated
complexes (Table 2). similar to results obtained with micro-
somes incubated with puromycin|14]. The higher rate
of | *H lleucine incorporation into the nascent polypeptides,
without increases of polysomal size classes. observed 24 hr
after a single injection of the antibiotic. reflects a faster
movement of ribosomes along the mRNA. Another possible
explanation for the enhanced protein synthesis observed may
be a prolonged period of accumulation and decreased rate of
liver mRNA inactivation | 16 1. similar to the induction and
decay of human fibroblast interferon mRNA by cyclohexi-
mide observed by Cavalieri et al. | 19].

The data presented in this report suggest an additional
limitation in the use of inhibitors of protein synthesis in vivo
to study protein levels in animal tissues [ 4]. In most long-term
studies with cycloheximide in the intact rat, the assumption
has been that cycloheximide inhibits protein synthesis during
the entire course of the experimentation and that observed
decreases in protein levels or enzyme activities are attribut-

able to the rate of degradation. In light of the findings
discussed [4, 6. 9—14, 161, re-examination of some of the
above mentioned experimental situations seems to be neces-
sary for proper interpretation.
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