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SUMMARY

The effect of daily injections of phenobarbital (75 mg/kg) on the degradation of rat
liver polyribosome suspensions during storage in vitro at 0-4° was examined. Sucrose gradient
analysis of polysomes isolated from animals treated for 3-5 days with 0.9 % NaCl revealed
that after 24-48 hr of storage at 0—4° a disaggregation of large polysome species occurred,
together with an increase of 50-85% in the number of monomer and dimer species. In
contrast, polyribosomes derived from rats treated with phenobarbital for 3-5 days were

shown to be almost completely resistant to degradation under the same conditions.

In a previous report from this laboratory
(1), evidence was presented which indicated
that an enhanced incorporation of orotic
acid-*H into cytoplasmic ribosomal RNA
was one of the earliest detectable effects pro-
duced in rat liver after phenobarbital ad-
ministration. This increased labeling of
rRNA did not appear to be due to an ele-
vated synthesis of rRNA, but to an altera-
tion of rRNA processing or stability. Since
a drug-induced decrease in the degradation
of cytoplasmic ribosomal RNA could be one
of the explanations for these observations, a
study of the effects of phenobarbital on the
stability of hepatic polyribosomes was un-
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dertaken. In this paper evidence is presented
which shows that (a) when hepatic poly-
somal preparations are stored in sucrose-free
buffer at 0—4° breakdown to monomer and
dimer species occurs, and (b) polysomes iso-
lated from rats treated with phenobarbital
are resistant to the degradation in vitro that
is observed with polysomes derived from
animals treated with 0.9% NaCl.

Male Sprague-Dawley rats (Spartan
Farms, Lansing, Mich.) weighing 60-70 g
were given single daily intraperitoneal injec-
tions of either phenobarbital (75 mg/kg) dis-
solved in 0.9% NaCl or 0.9% NaCl alone.
The period of treatment ranged from 3 to 5
days, depending on the experiment. Some of
the rats were fasted for 2448 hr after the last
injection before being killed by decapitation.
In one experiment a group of animals treated
with 0.9 % NaCl was allowed continuous ac-
cess to food in order to determine the effects
of fasting alone on subsequent polysome deg-
radation 7n vitro. In all experiments the ani-
mals were killed between 8 and 9 a. m. to
avoid any diurnal variation. For each experi-
ment the livers from two or three animals in
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ach  treatment group were pooled after
death.

Total hepatic polyribosomes (i.e., free and
membrane-bound polyribosomes) were iso-
lated according to the procedure of Wett-
stein, Staehelin, and Noll (2). Livers were
quickly removed, weighed, and pooled in 2
volumes of ice-cold 0.25 M sucrose in 0.05 M
Tris-HCl (pH 7.5)-0.025 » KCI1-0.005
MgCl, (TIKM). All subsequent operations
were performed at 0-4°. Livers were ho-
mogenized in a glass homogenization tube
fitted with a motor-driven Teflon pestle at
1400 rpm, using 20 strokes. The resulting
homogenate was centrifuged at 12,500 X ¢
for 10 min in a Sorvall refrigerated centrifuge
to vield a postmitochondrial supernatant
fraction, which was subsequently made 1.2 %
(w/v) with respect to sodium deoxycholate.
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An aliquot (2.5 ml) of this suspension was
then layered over a discontinuous sucrose
density gradient composed of 5 ml of 0.5 m
sucrose in TIKM on top of 4 ml of 20 M
sucrose in TIKM. The gradients were centri-
fuged at 40,000 rpm in a Spinco 50 titanium
rotor on a model L2-65B Spinco ultracentri-
fuge for at least 16 hr to ensure complete
sedimentation of all polyribosome species
(3). After centrifugation, the sucrose layers
were removed by vacuum suction, leaving an
amber pellet at the bottom of the tube. The
surface of this pellet and the walls of the
centrifuge tube were gently rinsed with sev-
eral volumes of 0.25 a1 sucrose in TKM. The
rinsed pellet was scraped from the bottom of
the tube and placed in a small glass homog-
enizing tube containing ice-cold TKM buf-
fer, and then resuspended by means of a
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FiG. 1. Sucrose density gradient analysis of freshly prepared hepatic polyribosomes
Samples of hepatic polyribosomal protein (1.5 mg) isolated from postmitochondrial supernatant
fractions from fasted control, fasted phenobarbital-treated, and fed control rats were layered over linear
10-359¢ (w/v) sucrose gradients in TKM (0.025 m KCI, 0.005 m MgCl,, and 0.05 m Tris-HCI, pH 7.5).
Gradients were centrifuged at 22,000 rpm in the Spinco SW 27 rotor for 2.5 hr at 0°. Tubes were then
punctured, and the absorbance of the effluent at 260 nm was recorded.
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loosely fitting glass pestle. The suspension of
polysomes was analyzed for protein content
by the method of Lowry et al. (4).

The polysomal preparation (1.5 mg of pro-
tein) was layered on top of a 10-35% (w/v)
linear sucrose gradient made up in TIKM.
The gradients were then centrifuged at
22,000 rpm for 2.5 hr in a Spinco SW 27 rotor
and allowed to come to a stop without brak-
ing. After centrifugation, the tubes contain-
ing the gradients were punctured, and the
resulting effluent  was allowed to pass
through a flow cell adapter in a Beckman
DB recording spectrophotometer set to re-
cord at 260 nm. The total polysome area as
well as the area of the monomer plus dimer
peaks of the resulting polysome profile were
quantitated by means of a compensating
polar planimeter. Determinations were made
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on the freshly suspended polysomes as well
as on the same preparation allowed to re-
main in TKM buffer at 0-4° for periods up
to 48 hr. The percentage change in the area
of the monomer plus dimer peaks as com-
pared to the total polysome area was used
as an indication of polysome disaggregation
during the storage period.

The stability of isolated rat liver poly-
ribosomes is affected by a variety of environ-
mental influences. Many studies have indi-
cated that they are extremely labile to ribo-
nuclease activity, which rapidly degrades
them to species containing no more than one
or two ribosomes per cluster (5-7). Wettstein
et al. (2) have reported that incubation of
polyvsomes at 37° in buffer alone results in
disaggregation of larger polysome species,
with the accumulation of oligosomes. Pron-
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F1G. 2. Sucrose density gradient analysts of hepatic polyribosomes after storage for 24 hr
sonditions were the same as in Fig. 1, except that polyribosomes were allowed to remain suspended
in TKM buffer at 0—4° for 24 hr prior to analysis on sucrose gradients.
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czuk et al. (8) have shown that polvsomes
suspended in buffer will disaggregate when
incubated with ATP or other nucleoside tri-
phosphates even in the absence of the factors
necessary for protein synthesis. This effect
of the nucleoside triphosphates is antago-
nized by Mg+, Therefore, polysomal break-
down in vitro does not appear to be neces-
sarily linked to the process of protein syn-
thesis. In our laboratory it has been observed
that polysomes derived from the livers of
untreated rats or rats treated with 0.9%
NaCl will disaggregate to oligosomes when
allowed to remain suspended for prolonged
periods in sucrose-free buffer at 0-4°. Accord-
ingly, we have used this observation to ex-
amine the effects of prior treatment of rats
with phenobarbital on the subsequent sta-
bility of the isolated hepatic polyribosomes.

In the first series of experiments, rats re-
ceived three consecutive daily injections of
either phenobarbital, 75 mg/kg dissolved in
0.9 NaCl, or 0.9 NaCl alone. After re-
ceiving the last injection, the rats were
fasted for 24 hr, and a total hepatic poly-
some fraction was prepared by the deoxy-
cholate method. As a control for the effects
of fasting on polysome stability, one group
of rats treated with 0.9 9% NaCl was allowed
access to food throughout the entire study.
Figure 1 shows the hepatic polysome profiles
from the control, phenobarbital-treated, and
fed control groups when analyzed on linear
sucrose gradients as soon as possible (3 hr)
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after their resuspension in pH 7.5 buffer.
“asting alone resulted in a degree of poly-
some breakdown, as evidenced by the in-
creased area of the monomer and dimer
peaks in the control and phenobarbital
groups as compared to the fed control group.
Figure 2 shows the distribution pattern of
these same polysome preparations after they
had remained suspended in buffer at 0-4° for
24 hr. It is apparent from these profiles that
a loss of heavier polysomal aggregates with
a concomitant accumulation of oligosomes
occurred during the prolonged storage of
polyribosomes isolated from the livers of
both the fasted and fed control rats. In
contrast, the polysomes derived from rats
treated with phenobarbital remained intact
under the same conditions. These results
were confirmed in a second experiment, in
which rats received five daily injections of
either phenobarbital or 0.9 % NaCl and were
fasted for the 48 hr between the fourth in-
jection and the time of death (Iigs. 3 and 4).
Figure 3 shows that the distribution patterns
of the polyribosomes from both the pheno-
barbital- and 0.9% NaCl-treated animals
were similar when analyzed shortly after
they were resuspended in buffer. However,
when these same polysomes were stored for
24 hr at 0-4° and then analyzed on linear
sucrose gradients, a1 marked difference was
observed. As can be seen in Fig. 4, storage
of the polyribosomes isolated from animals
given 0.9 % NaCl alone resulted in an almost
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Fi1a. 3. Sucrose density gradient analysis of freshly prepared hepalic polyribosomes from control and
phenobarbital-treated rats fasted for 48 hr prior to death

Conditions were the same as in Fig. 1.
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Fi1G. 4. Sucrose density gradient analysis of stored polyribosomes from control and phenobarbital-treated

rats fasted for 48 hr prior to death

Conditions were the same as in Fig. 1, except that polyribosomes were allowed to remain suspended
in TKM buffer at 0-4° for 24 hr prior to analysis on sucrose gradients.

complete loss of heavy polysomal material
and the accumulation of species consisting
of four ribosomes per cluster or less. Analy-
sis of the areas under these curves revealed
a 51 % increase in the monomer plus dimer
area during this period. However, the prep-
aration of polyribosomes derived from ani-
mals treated with phenobarbital remained
essentially intact. This was evidenced by the
presence of a substantial amount of heavier
polysome species and an increase of only
12% in the monomer plus dimer area during
the 24 hr of storage. The addition of 0.5 mt
ohenobarbital to polyribosomes prepared
from 0.9% NaCl-treated rats did not pre-
vent their breakdown. It should be noted
that the enhanced stabilization of poly-
somes from animals treated for 5 days with
phenobarbital was also present, but less evi-
dent, when the polysomal preparations were
incubated at 37° for 20 min.

These results suggest that a portion of the
enhanced stability of polyribosomes derived
from phenobarbital-treated rats may result
from a decreased content of ribonuclease ac-
tivity in the polysome suspensions from the
barbiturate-treated animals. However, at-
tempts to demonstrate the presence of ribo-
nuclease activity in polysomal preparations
by means of adding exogenous *H-labeled
rat liver RNA were unsuccessful. It is likely
that polysome-associated RNase is not read-
ily accessible to exogenously added sub-
strate. A similar observation was made by
Eker et al. (9), who demonstrated that poly-
somes were able to degrade endogenous, ra-
dioactively labeled RNA but not exoge-
nously added material.

Although ribonuclease activity may be
associated with isolated rat liver polysomes,
the origin of such nuclease activity is un-
known. During the isolation of polyribo-
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somes with sodium deoxycholate, both lyso-
somal and microsomal membranes are de-
stroved. It is conceivable, therefore, that
ribonuclease activity formerly present in
these organelles is released and subsequently
becomes associated with the polyribosomes.
The recent report by Louis-Ferdinand and
Fuller (10) of a marked reduction of micro-
somal ribonuclease activity in the livers of
rats treated with phenobarbital suggested to
us that it might be possible to isolate intact
polyribosomes directly from the microsomal
fraction of drug-treated animals. Accord-
ingly, an attempt was made to isolate intact
polyribosomes from relatively lysosome-free
microsomes (11) rather than from the post-
mitochondrial supernatant fraction. This
procedure was followed in order to eliminate
the ribonuclease inhibitor of rat liver cell sap
as a factor controlling polysome stability.
However, it was not possible to recover in-
tact polysomes from the microsomal fraction
in the absence of cell sap, even after five
consecutive daily injections of phenobarbi-
tal. Evidently, sufficient ribonuclease activ-
ity remained in the microsomes even after
prolonged treatment with phenobarbital to
cause complete disruption of polysome in-
tegrity. The control of polysomal aggrega-
tion and disaggregation is a complicated and
poorly understood process, however, and in-
volves several factors in addition to ribo-
nuclease activity (8, 12, 13). Thus, it is un-
clear at the present time by what mechanism
phenobarbital enhances the stability of he-
patic polyribosomes stored in wvitro and
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whether this is indicative of a change in vivo
in the functional capacity of the protein-
synthesizing machinery.
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