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SHORT COMMUNICATnON

Stability of Polyribosomes Isolated from Rat Liver after

Phenobarbital Administration
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SUMMARY

The effect of daily injections of phennobarbital (75 mg/kg) on the degradationn of rat
liver polyribosome suspensions during storage in vitro at 0-4#{176}us’as examinmed. Sucrose gradient

analysis of polysomes isolated from animals treated for 3-S days uvith 0.9 % NaCl revealed

that after 24-45 hr of storage at 0-4#{176}a disaggregation of large polysome species occurred,
together uvit.in an inncrea.se of 50-85 % in the number of monomer and dimer species. In
conitrast, polynibosomes derived from rats treated uvitim pimenobarbital for 3-5 days svere
shown to be almost completely resistant to degradation unider time sanme connditionns.

In a previous report from this laboratory
(1) , evidence wa�s presented uvhich indicated
that an enhanced inmcorporation of orotic

acid-3H into cytoplasmic nibosomal RNA
wa*s Ofle of the earliest detectable effects pro-
duced in rat liver after phenobarbital ad-

minnistration. This increased labeling of
rRNA did not. appear to be due to an ele-
vat.ed synthesis of rRNA, but to arm altera-
t.ion of rRNA processing or stability. Since

a drug-induced decrease in the degradation
of cytoplasmic nibosomal RNA could be one

of the explanations for these observations, a

study of time effects of phenobarbit.al onn the
stability of inepatic polyribosomes was un-
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dertaken. Inn this paper evidence is presented
which shouvs that (a) us-lien hepat.ic poly-
somal preparations are stoned in sucrose-free
buffer at. 0-4#{176}breakdosvn to monomer and
dimer species occurs, annd (b) polysomes iso-
hated from rats treated witim phenobarbital
are resistant to the degradation in vitro that
is observed uvith poiysomes derived from
animals treated uvitim 0.9 %. NaCl.

Male Sprague-Dass’lev rats (Spartan
I�’anms, Lannsinig, Micin.) uveighing 60-70 g
were given single daily intrapenitoneal injec-

tions of either phenobarbit.al (75 mg/kg) dis-

solved in 0.9 % NaCl or 0.9 % NaC1 alone.
The period of treatment nannged from 3 to 5

days, depending on time experiment. Some of
the rats were fasted for 24-48 Inn after the last
inject.iomn before being killed by decapitatiolm.
In uric experiment a group of animals treated
uvith 0.9 % NaCl uvas allouved cont.imnuous ac-
cess to food in order to determirne the effects

of fasting alone on subsequemmt polysome deg-
radation in vitro. In all experiments the ani-

ruals uvere killed bet.us-eeni S and 9 a. m. to
avoid any diurnal variationm. For each expeni-
merit the livers from tus’o or three animals in
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emicin treatnmennt gn’oup usene l)Ooled after

(lemith.
rptl imepmtt ic l)ol�ribos�nu(�s (i .e. , free timid

menmbranme-bounmd polynibosomes) usere iso-
lmtted according to time procedure of \Vett-
steinm, Staehelin, and Noll (2). Livers uvere

(IrricklY renmoved, uveigimed, mmmd pooled in 2
volunmes of ice-cold 0.25 �n sucrose in 0.05 �i

Tris-HC1 (pH 7.3)-0.025 �n KC1-0.005 ii

MgCl2 (TK\I). All subsequent operations

uvere l)en’fOrmed mit 0-4#{176}.Livers uvere ho-
mogemnized in ml glass homogenization tube

fitted uvitim mi motor-drivenn Tefloin Pestle at.

1400 rpnm, usnig 20 strokes. The nesultiing

imonmogenate uvas centrifuged at. 12,500 X q
for 10 nun in a Sorvmtll refrigerated centrifuge

to yield a postni.itochmondrial supernmntant
fraction, uvhich uvas �anbsequent.iy made 1.2%

(� uvitim respect to sodium deoxycholate.

.Ani mtli(ll.nOt (2.5 nil) of this stisi�enisioii ssas

then lmtyere(1 over mi (hsconltinnuous sucrose

density gradiennt conuposedl Of 5 rn! of 0.5 iii

sucrose iii ‘FT’�\l Oh top of 4 numi of 2.0 tin

sucrose iii TKM. Time grmi(hents ss�ere cenmtn-

fuged at 40,000 rpnm inn mi SI)innc� ;�i0 titmirmium
rotor Oh mi model L2-65B SpiilC() uitracenntn-
fuge for mit lemist 16 inn to ennsure conul)lete

sediment mit ion of all j)( )ly ribosome species

(3) . Aft en cent rifugatioii , t he sucrose layers
uvere renmoved by vacuunm suctioim, ieavinmg an
mimber Pellet at time bottom of time tube. The
surface of timis pellet ann(i tine ss’alls of the
cenntrifuge tube uvere gently nimmsed uvitin sev-

eral volunmes of 0.25 �ir sucrose inn TF�\i. r#{231}i

rinsed l)ellet usmis scrmtped frorum time bottom of

the tube aind 1)imtcecl in mi small gimiss hiomog-
enmizing tube conmtainninmg ice-cold T1’J’sI buf-
fer, arid timenm i’esuspeiided by means of a

I

Fno. 1. SUcrOS(’ (lefl.Sit!/ gra(lient analqsis of fresh!!, prepare(! hepatic polyribo.some.s

Saniples of hepatic l)�lYribosonmal proteimi (1 .5 mg) isolated from p05t mimitoclmomidrial supermiatant

fractions from fasted comitrol, fasted i)hemi()barbit al-treated, amid fed control rats were layered over limienir

10-35% (w/v) sucrose gradients imi TKM (0.025 mu KC1, 0.005 M MgC12, amid 0.05 M Tris-ILCI, pH 7.5).

Gradients were cemitrifuged at. 22,000 rpm mi the Spinnco SW 27 rotor for 2.5 hr at. 0�. Tubes were then

l)Imnlctmmred, amid the absorbance of the eliluemit at 260 nnm was recorded!.
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loosely fittinng gimiss pestle. Time suspenmsionn of

Ix)lYs�m(�s was analyzed for proteinn conitenit
by tine nmetiiod of Loss-ry et al. (4).

Time polysommmal preparat.ionn (1.5 mg of pro-
teini) ssmis layered on top of a i0-35 % (sv/u’)

linean’ suciN)se grmtdienmt. nmimide up iii TI’.�\I.
The grmnoiiennts uvere timenn centrifuged at

22,()()O rpnn for 2.5 hr inn mm.Spinmco S\V 27 rotor

arid mtIh)sse(l to conine to mn.stop uvitiR)ut brmik-

imig. After cenntrifugationn, tine tubes contain-
imig I inc grmuhienmts uvere punctured, arid time

resulting effluent usits ailosved to j)mt55
through a flow cell adapter inn a Beckman
DB recordinng spectnopiiotometer set to re-

cord mit. 260 rim. The total poi�some area as

uvell as time miremi of tine monomer plus (timer

peaks of tine i’esultinmg polysome profile ssere

(lirmimititttte(l by nmeanms of a compennsatinmg
polar l)imtmminiet (�I’. 1)et erminat ions uvere nmade

on time fn’esinlv suspended POl�sOflmes as sveil
as on time sanie i)n’epmtrnttiOmi allosved to me-

main inn TK\l buffer mit 0-4#{176}for periods up

to 48 Inn’. Time percenntage chmammge in the area

of time nmonmomer plus dimer peaks mis com-
j)ared to time total polysome area svas used
as ann immdicat ion of polysonme disaggn’egmtt ion
durirmg time storage i)eniod.

Time stmnbilitv of isolated rat liver polv-

ribosonmes is affected by a vaniety of emnvironn-

mental influences. \ I mmmiv studies have inidi-

cated timmit timev mire extn’enmelv labile to n’ibo-

niuclease activity, uvimicim n’apidly degrades

timem to species conmtaimninmg mo nnore than uric

or tsso ribosomes mnen cluster (5-7). Wettstein

et al. (2) have reported flint incubation of
polysonmes at 37#{176}inn buffer alone results in

disaggregat ionm of larger polysonme species,
uvithm the miccunmmulmitiomm of oligosonmes. Prom-
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Fio. 2. Sucrose (lensity gradient analysis of hepatic polyribosomes after storage for 24 hr

Comiditiomis were the sanme as in Fig. 1, except. that polyrihosonmes were allowed to remainm suspemmded

in TKNI buffer at. #{216}.�_4O for 24 hr prior to analysis onn sucrose gradients.
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czuk ci al. (5) imave sinosvmn tinat PolYsonmm(�s

suspended inn buffen’ svill disaggregate wineni

inmcubated ivitin ATP or otimer nnucleoside tn-
piU)sphiates even inn time absence of time factors
necessary for I)I’oteinm synthesis. Tinis effect.
of tine niucleoside tniphosphates is anntago-

niize(l by �slg�t Tinerefore, polysonmal bretmk-
douvin in limo (loes imot mip�)emir to be nieces-

smil’iiV linked to time process of protein synm-
timesis. Inn our laboratory it inns been observed
timat i)ol�sOmes derived fn’ormm the livers of
urmtreated rats or rats treated uvith OS) %
XmiCl uvihl disaggregate to oligosonmes winen
ahloss’ed to remain susj)enmded for prolonged
periods inn sucrose-free buffer at 0-4#{176}.Accord-
iimgly, ss�e immive used this observation to cx-
aminme time effects of prior treatnmemmt of rats
uvitim Pimeliobanbital oIl time subsequent strm-

bility of time isolated inepmttic PolYribosonies.
In time first series of experinmennts, rats re-

ceived timree cormsecutive daily irmjections of
eitinen’ pimenmobarbitmil, 75 mg/kg dissolved inn
0.9 � NmtCl, or 0.9 c; NaCl alone. After ne-
ceivinmg tine last injection, time rats uvene
fasted for 24 un, mmmd a total inepatic pol�-
sonme fraction uvas l)I’eI)mired by time deoxy-
cimoiate method. As a control for the effects
of fastimig urn polysonme stability, one group

of rats treated uvitim 0.9 #{182}�NaCl uvmmsmihlouved
access to food timrougimout the entire study.

Figure 1 shmouvs time hepmntic polysome profiles
fronm time control, pimenobarbit.mil-tneated, amid

fed conmt.nol groups usimemi minnalyzed urn lirmear
sucrose gradiemmts mis soon mis I)Ossible (3 iii’)
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miftem’ timeir resusl)elisioli inn j)1I 7.5 buffer.
Fasting alorme resulted inn a degree of poly-
some bremtkdouvnm, as evi(lenced by tine inn-

creased area of time nionmonnen and dimmer

peaks in time control arid l)imenobmtrbitmnl

groups mis cOmpare(l to time fed control group.
Figure 2 sinosvs tine distnlbutioln pmtttermm of
these smime polysome preparmitioims mifter they

lUnd remaimmed stlsl)eimd!e(l inn buffer at 0-4#{176}for
24 hr. It is mipparenit from these profiles that
a loss of inemivier polysomal aggregates uvith

a. comncomitmnmnt accumulation of oligosomes

occurred during the prolonged storage of

polynibosonmes isolated from time livers of
botin the fasted and fed control rats. In
contrast, the PolYsOmes derived from rats
treated uvithm phenobarbital renmmtinied inmtact
under tine same conditiorms. These results
usere confirnmed in a second experiment, inn
uvhich rats received five daily inmjections of

either I)henobanbital on 0.9 (/� NaC1 mtrnd svere
fasted for the 45 hr betuveen the fourtim in-

ject.ioni almd the tinme of deatim (l�igs. 3 amid 4).
Figure 3 shous’s timat time (listnibutionm patterns
of time polynibosomes fronm bo)tim tine j)imenmo-

barbital- arid 0.0 #{182}�NaCl-treated anmimals

us-crc similar svhenm anmmnlyzed slmortlv after

they uvere resuspended in buffer. Houvever,

ushen these smime I)0lY5�mi1e5 ss’ere stored for
24 hr mit 0-4#{176}amid then rumalyzed on linear
sucrose grmtdiemmts, a marked difference uva�s

observed. As cmiii be seen inn Fig. 4, storage
of the �)olyniIx)sonies isolatet! fronm anminmals

given 0.9 (;;, NmiCl alone resulte(! in an almost
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FIG . 4 . Sucrose den si t!/ gradient anali,sis of stored polyribo.s’ome.s froui. cant cal 0(1(1 plienoba rbital -treated

rats fasted for 48 hr prior to death

Condit ions were tine samime as inn Fig. 1 , except that l)olYril)1)soIiies were allowed I o renmaimi suspemided
ii:, ‘F1(1I4 butTer at 0-4#{176}for 24 hr prior to analysis omi sucrose gra(liemits.

complete loss of inemivy PolYs�nmal material

and the accumulat.ionn of species consisting

of four nib()sonmes ier cluster or less. Amimilv-
sis of the areas under these curves revealed

a 51 % increase inn tine nmonnomen plus dimen

area during tinis period. However, time prep-

aration of polyribosomes derived from ani-

mals treated with pinenobarbital remained
essentially intact. Tlmis wa.s evidenced by the
presence of mi substantial amoumnt of heavier

polysome species and an increa.se of only

12 % in the monmomer plus dimer area during

the 24 hr of storage. The addit.ion of 0.5 miii
uhenobarbital to polynibosornes prepared

from 0.9 % NaCl-treat.ed rats did riot pre-

vent timeir breakdown. It should be rioted
that the enhanced stabilization of poly-

somes from animals treated for 5 days with

phenobarbital uva.s also present, but less cvi-

dent, when time polysomal preparations were

incubated at. 37#{176}for 20 mimi.

These results suggest that a portion of time

enhanced st abilit y of PolYribosomes derived
from plmennobmirbitmil-tremited rats may result
from a decreased contennt of nibonuclease ac-

tivity in tine polysonme suspensions from the
barbit urate-t reated animals. Houveven, at -

tempts to demonstrate the presence of ribo-

nuclease act ivit V lIi polysomal preparations

by means of ridding exogenous 3H-labeled
nat liven RNA were unsuccessful. It is likely

that polysome-associated R.Nase is not. read-
ily accessible to exogenmously added sub-
strmite. A similmir observation was made by

Eker et al. (9), uvhio demonstrated that poly-
somes uvere able to degrade endogenous, ra-

dioactively labeled RNA but riot exoge-

nouslv ridded material.

Altlmougim niboniuclease activity may be
associated with isolated rat liver polysomes,
the onigini of such miuclease activity is Un-
known. During time isolation of polyribo-
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sonmes uvith sodium deoxycholate, both lyso-

sonial and microsomal membrarnes are de-
st.roved. It is conceivable, therefore, timat

ribonuclease activity fonnmenlv lnesent in

tinese organelles is released armd subsequently
becomes associated uvith time polyribosonmes.
The recent report by Louis-Ferdiniamnd arid

Fuller (10) of a marked reduction of nmicro-

somal nibonuclease activity in time livers of
rat.s treated uvith PiienObarbittil suggested to
us that it might be possible to isolate intact

PolYnibosomes directly frommm time microsomal
frmict.ion of drug-treated animals. Accord-

inngly, an attempt uvas nmade to isolate intact

polYnibosomes from relatively lysosome-free
rmmicrosomes (11) rather than from time post-
mnmitochoiidrial supernnatannt fract ion. This

procedure uvas follouved in order to elinminate
time ribonnuclease inhibitor of nat liver cell sap
as a factor controlling polysome stability.
Hosseven, it uvas not possible t.o recover in-
tact. polysomes from the microsomal fraction
inn time absence of cell sap, even after five
consecutive daily inject ions of pimenobarbi -

t.mtl. Evidently, sufficient ribonuclease activ-

ity remained in time micnosomes even after
prolonged treatment uvitim phenobarbital to
cause complete disruption of polysome inn-

tegnit.y. The control of polysomal aggrega-
tion amid disaggnegation is a complicated and
�)oonly understood process, imouvever, arid in-

volves several factors in addition to ribo-

nuclease activity (8, 12, 13). Thus, it is inn-
clear at time present time by uvinat mecimannisnm
phmemmobarbital enimanmces time stability of Ime-

I)mttic polyribosonmes stored i.n. r.’itro and

uvimether this is indicative of a cinange in vice

in time functional capacity of tine protein-

syntinesizinng machinery.
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