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SUM MAR\�

We have investigated certain events occum’ring in mat liver cytoplasm duiring time tinme

period between time adimministra-tion of iiyd!rocortisoime and time imormmmone-indumced increase
in time level of sevet-al imepatic enzymes. At varioums times after time administration of
imydrocortisone to adm’enalectommmized rats, 14C-orotic acid was inj ected intriti)eritoneally.

After a 40-mmmin lai)eling period time rats were killed and liver cytoplasm was exanmined

on sucrose gradients. Tw’o imoumrs post imydrocortisomme adnminist ration time isotopic labeling
of a 45 S cytoplasimmic particle was markedly increased. Pm’evioums data suggest timat time

45 8 particle carries newly syntimesized mmmessengem’ ItNA frommm time nucleus to time cyto-

plasmic polyribosomes. Time stinmumlation of labeling occuirm’ed at a timmme consistent witim time
postulate that the excess of labeled RNA in the 455 particle includes messenger RNA
coding for time sylmtimesis of time hormmmone-stimnumlated emmzymmmes. A simmmumltaneoums fall in nmetmm-
brane-free, mmmoimommmeric ribosonmes was noted.

1 NTRODUCTION

Time increased activity of several imepatic
enzymes observed following time achnminis-
tration to rats of glumcocorticoids (1-3) Imas

been shown to result from induction of new’

protein syntimesis (4-6). In bacteria, en-

zyme induction is known to i)e preceded

by an accelem’ated syntlmesis of RNA (7),

and time newly fornmed RNA has been
identified as immessenger specifid for the

protein to be made (8, 9). In rats given
cortisone, nuclear RNA synthesis is in-

creased before an effect on enzyme levels

can be detected. However, little increase in
labeling of cytoplasmic RNA has been

described at sucim early intervals (10-12).

Althougim time intracellular site of synthesis
of individual proteins is not known, time

bulk are surely made in time cytoplasm.
Timerefore, we sougimt evidence for time pres-

ence of new immessenger RNA in this com-

part ment after hydrocortisone treatment.
Recently, there imas been demonstrated in

221

manmmmmaiian cells a rapidly labeled particle

with sedimentation coefficient appm’oximat-
ing 45S (13) wimicim appears to bear

mRNA’ from time nuicleums to the cytoplastmm

(14-17). Time studies to he presented in(h-

cate timat hydrocortisone markedly in-
creases time labeling of the cytoplasmic

particle. Timis effect occumrs at a time con-
sistent with time postulate tlmat the particle
transports newly synthesized mRNA for

the indumced proteins to timeir presumed site

of syntimesis, time cytoplasmic polyribosonmes.

METHODS

Male 150-g rats, botlm nornmal and adi-

renalectommmized, were pumrclmased from the
Cimamles River Breeding Laboratories, Wii-
niington, \Iassachusetts. Adrenalectomi zed

rats were offered 1% saline in t-imeir (hrink-

1 Abbreviations: TMN, 0.01 �i Tnis-HC1, 0.001

M MgC11, 0.01 �s NaC1, 1)H 7.5; mRNA, nmessen-

gcr RNA; rRNA, nihosoimmal RNA; PMS, post-

initochondrial supernatant fraction.
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FIG. 1. Effect of hydrocortisorte on isotope distribution in postrnitochondrial sit pernataiti fractions

from adrenalectomized rats

One animal was given 5 nmg of hydrocortisone intrapenitoimeally 4 hr prior to death (right-hand

panel), time second received time hormone 2 hr prior to death (middle panel), and the third was not
treated (control). All animals received “C-orotic acid 40 mm prior to deatim. A PMS fraction was pre-

pare(i fi’ommm time liver of each rat, and these preparatioums were analyzed on 10-3OYe sucrose gradients

prel)are(i in time buffer used for homogenization. Centrifugat ion was for 5 hr at 63,600 q. Smnmilar pat-
terns were observed in material from at least 8 diff�reumt annuals for each t mule period shown.
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ing water and were stu(iie(l from 24 to

48 hr after operation. All aninmals were

starved for 18 hr before death. Time equiv-

alent of 5 mg of hydrocortisone was given
intraperitoneally as the sodium succinate

salt in 0.1 ml of buffer, which also con-

tamed 0.04 nmg sodiumm pimosphate exsic-

cated, 0.13 mg nmetimyiparaben, and 0.01 nmg
propylparaben (Solucortef Mix-O-Vial, Up-

joimn) at the times indicated. 14C-Orotic

acid, 10 1�C per bOg body weigimt, was
given intraperitoneally 40 mm pm-ior to

death.

Postnmitoclmondm’ial supernatant fractions

were prepared in TMN and centrifuged
thm’ougim 10-30% sucrose gradients as de-

scribed previously (14). Ten-drop fractions

were precipitated and wasimed witim cold 5%

trichioroacetic acidl on Millipore filters, andi

were counted.

RNA was obtainedi fromum time 45 S and
80 S particles by treatment with sodium

dodecyl sulfate (18). The particles were

collected from the peaks of at least six

sucrose gradients in TMN into tubes con-

taining sodium dodecyl sulfate at a final
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concentratiomm of 1 � Time tumi)e contents

wei-e nmade 0.25 M and 67% witlm respect

to NaCl and etimaimol, respectively, and imeid

at -10#{176} overnigimt. Time RNA pmecipitate
was recovered by centrifugation, dissolved
in 0.02 M sodiummm pimospimate l)umffer, 1)H 7,

and 0.3% sodium dodecyl sumlfate, and cen-

trifumged timm’ougim linear 5-20% sumcmose
gradlients pm’epared in 0.02 �m potassiunm

phosphate buffer, l)H 7, at 2#{176}.Ten-drop
fractions were t-aken, cooled to 0#{176},and pre-

cipitated witim cold 12.57( tm’icimloroacetic

acidl. Pm’ecipitates w’ere wasimed witim cold

10% tricimiom-oacetic aci(l on Millipore filters
and wem’e counted.

RESULTS

Effect of H-yth-ocortisone on 45 S Particles

In Fig. 1 is simown time labeling l)attern of

imostmmmitocimonclm’ial sul)ernatant fractions
l)rel)aled fi’onm adrenalectommmized rats killed
40 nmin after orot-ic acid administration. In
material from untreated animals most of

time counts appeared in time soluble RNA
close to time top of time gradient, and timere
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were small radioactive peaks in time 45 S

and 65 S regions. In immost experiments time

radioactivity in time 65 5 peak was consid-

erablv less than timat imm time 45 AS peak. Tim

animals treated w’itim imydrocortisone 2 imr

prior to death timere was an increase in 45 5

labeling from a control level of 11% of
total counts in time PMS fi’act-ion to a

stimulated level of 20% of total PMS
coumnts. Timis increase was hmmaxnmmal 4 lmr

after hydlrocomtisone administration (Fig.

1) . By 7 imr, labeling in time 45 AS l)ai’ticles

imad returned to control levels. The distribui-

tion of counts in the liver cytoplasm of

hydrocortisone-treated and untreated rats

is sunmnmarized in Table 1. At 2 hr after the

and probably subribosommmal pam’ticles (13).
Ferritin, wimich can be dhstinguishedl by its
imigim 320:260 mmm1.absoml)tiomm m’atio 19, 20),

sedimented witlm a coefficient of about 65 S

and was the major contributor to time peak

of absorbance in timis area. However, a 65 S

subiibosoimmal l)article can also be purified
by special procedures from this region 13;

Henshaw, unpubiisimed). Polyribosomes

were sedimentedi into time pellet. The 80 S

nmaterial was found to contain 18 S and
28 S RNA and likely represented single

m’iijosomes, wimich exist free in the cyto-

plasnm, or which easily separate fronm mmmeimm-
brane during homogenization (21).

In untreated!, adlrenaiectonmize(I aim i mmmals

TABlE 1
Effect of Hydrocortisone ort Isotope Distribution in the Postmnitocho,tdrial Supernatamtt I�ractio,t

PMS fractions were analyzed on sucrose gradients, as described iim Fig. 1. Counts were calculated from

the gradients and pellets, and the counts in the various subfnact-ions were expressed as a perceimtage of the
total PMS counts. The range of counts is simown in brackets, and! the nunmber of animals iim parent imeses.

Tinme after
hvdrocortisoime

Total radioac tivity (cpnm)
--

Distnibuti oim of nadioa ctivity (% of total

---�

Heavier

-�

(hr) PMS 45 S than 80 Sa SO S an(i

65 S
45 S 4 S

(1 1870 (6)

[1480-2480]

206

[84-315]

43 18 11 25

2 1990 (6)

[1660-2510]

39()
[336-512]

32 17 20 31

3-5 4020 (3)

[3780-4190]

1010

[962-1050]

25 13 27 :2

o Including pellet formed during centnifugation of gradient-.

steroid injection timere was no dletectable
increase in total PMS counts. However,

variations in isotol)e incorl)oration from one

control animal to anot-imer were of the order
of 30%; thus, increases of timis magimitude

might have been undetected. At 3-5 imours

after hydrocortisone time l)eak 45 S lai)ehng

was comparable to that in soluble RNA,

and there was an increase in total PMS
labeling of over 100�4 , as Iai)’e 1 shows.

E�ect of Hydi-ocortisone on 80 S Ribosomes

Tim time expem’iimments of Fig. 1 , 260 mmm1t

absorbing material sedimentedi with peaks,
time coefficients of wimich appi’oximat-ed 80 5,
65 5, an(l 45 S. Timese inclumded ribosomal

time amount of SOS material per unit of
liver was relatively constant from aninmal

to animal and was about 1�-2 tiimmes timat

of time 45 AS particles. Time adnministratiomm of

5 mg of hydrocortisone consistently pm’o-

mlucetl a mmmarked deem’ease in time 805 peak
(Fig. 1) to a level equal to or below time

45 S peak of ultraviolet-absorbing material.

The latter peak served! as a conveniemmt

standard of reference, since it was constant

and, in contrast to time level of isotope in

the particles, w-as uinaffected by imyclrocom-

tisone given 2 imr before sacrifice, or by

adrenalectonmy. The relative quantity of
80 S particles remained depressed foi’ sev-
em’al imours after imydrocortisone, beginning
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to rise at 5 imr and reaciming control level at
aboumt 7 hr.

It appeare(l i)ossible timat untreated!
adrenalectommmizedl animals might imave imigim
leVels of (legi’adlative enz’vmmmes wlmi(’im immigimt

lead to release of particles from nmenmbrane,
and!, therefore, to time imigher levels of “free”
80 �S particles observed. However, it was

found! in mixing experiments that liver
honmogenates from untreated animals did

not release 80S ribosonmes from time imydro-

cortisone-treated l)repaiations. Nor did time

addition of imydrocoi-tisone to a control liver
during homogenization effect a reduction in

tlm(’ 80 5 riimosommmes, as mmmigimt have been

anticipated if cortisone were stabilizing
lysosonmes (22) in vitro.

Time level of the 805 peak in nonadi-enal-

ectomized animals varied considerably from
experiment to experinment, ranging fronm
twice the 45 5 l)eak to a value equal to it.
A decrease in the 80 S peak could be pro-

duced consistently by stressing the normal

animals witim sudden noises 2 imr prior to
sacrifice. This suggests that the variations
in time level of 80 S particles noted in nor-

ma] animmials resumlted fm-oimm cimanges in en-

dogenoums adrenocortical secretion. Nornm a!

rats responded to hydrocortisone with an

increased! labeling of time 45 S particles com-

parable to that seen in time adm-enalecto-

mmmize(l animals.

Effect of Hyd-rocortisone on

R.VA from. 455 Particles

Most RNA purified from 45S particles,
wimicim were isolated from sucrose gradients,
sedimmmented with a constant of 18 AS (14).
Sumcrose gradient profiles of the RNA ob-
tained fronm th(� 45 S peaks fm’oimm treated

ammd untreated adrenalectonmized rats are
simown in Fig. 2. Isotope was vimtually con-

finedl to time 18 S area, wit-im sonme trailing of

counts to time ligimt side. However, m-ecovery

of radioactivity fm-om time 45 S particles did

not exceed! 70%, so timat as much as a timird

of its isotope could conceivably be ac-
counted foi’ by species of RNA with a sedi-

immentation pattern different fm-om timat seen

in Fig. 2. Despite its coincidence in sedi-

nmentation with time 185 rRNA, some of time
rapidly labeled 18 S RNA is probably

CONTROL HYDROCORTISONE

2 HOURS
85
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J�
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1”IG. 2. Effect of /t //(li’O(Oi’ti.stflt(’ ‘itt (lie !abeliity

/)Uttelit- of k_VA j)Urjfie(i from 45 S partlcl(’s

Six i(i(’ntical gI’a(Ii(’nts siimiilai’ to that shown

in time nmi(itile 1)ammel of Fig. 1 were prepared fronm
an a(li’(’Ilttl(’(t ()nuiz(’(i rat treat-ed �vitlm hv(iro-

cortisone anti ‘4C-orotic acid 2 hr an(l 40 rain,

resp(’ct ivm’ly, prior to death. The 45 S 1)articles
were isolatt’tl from the gradients and were poole(i

45 S part icl(’s were likewise 1)Ooled from gradients
similar to th( left-hand panel of Fig. 1, from an

animal not treated witim hvdrocort isone. Each

1)r(’lcmr:Ltioim of 45 �S particles WItS mlmamie 1% witim
respect t o sO(liunm dodecl sulfate and precipitated

with NaC1 and etimanol, and the RNA was ana-

iyzm’ti on 5-20’7� sucrose gradients prepared in

0.02 .11 lot assilim phospimate, as described in
Methods. Gradients were centrifuged for 18 hr at

63.600g at 2�.

nmRNA, as simown previously (14. Material
sedinmenting between 18 5 and 4 S may

represent partially degraded! RNA. Hydro-
cortisone led to a nmore timan twofold in-

crease in isotope incorporation in time 18 5

RNA of time 45 S particle, but time pattern
of isotope (listrii)umtion was uncimanged.

DISCUSSION

Recemmt studies (13-17 stroimgly suggest

the presence of mRNA in 45 S particles of
liver and HeLa cells. A model for liver

polyril)osome formation imas been proposed

according to which newly synthesized
mRNA beconmes associated witim a 45 S

ribosonmal subunit in the nucleus, emerges
into the cytoplasm, and is timen incorporated
into polym-ibosomes. Evidence from unre-

lated work (23) indicates that time enzyme
induction wimich follows hydrocortisone ad-
ministration requires syntimesis of new

RNA, presumably nmessenger. and t-imat this
is transferred from nucleus to cytoplasm.
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The data presented in this communication
are consistent- witim time postulate (14) timat

such a transfer takes place on 45 5 par-
tides. Newly synthesized (i.e., isotopically

labeled) RNA in time 455 particles rose by
50% at a time before any increase in total

cytoplasimmic labeling was detectable. It

should be enmpimasized timat althougim a por-

tion of the lal)eled RNA of time 45 S

particle is believed to i)e mRNA (14-17),

an unequivocal denmonstration that timis is

true, and that time newly syntimesized RNA

borne by timese particles after imydrocorti-

sone treatment includes time mRNA species
specific for time enzymes induiced, muist-
await teclmniques by whicim time particles or

timeir RNA can be shown to direct time syn-
thesis of sl)ecific proteins.

The fall in 80S ribosomes seen after
hydrocortisone treatment may also play a

role in time steroid-nmediated induction of

rapidly induced imepatic enzymes. Under the
conditions used in timese studies, time nmax-

imum rate of tryptophan pyrrolase syn-
thesis following hydrocortisone is attained!

in about 3� hr (24), or very shortly after

time 80 5 ribosomes reached timeir nadir and!

time 45 S particles were stiimmulated. Time
increased tryptopiman pyrrolase syntimesis is

over at 7 lmr, at which time time 805 and
455 particles have returned to control
levels. M eimmbrane-boumnd mibosommmes are

probably time immajor site of protein syntimesis
in time liver, whereas free mmmononmeric ribo-

sonmes are immuch less active in time absence
of exogenoums messenger (21). In our cx-

perimimemmts, imydrocortisone nmay imave stabi-
liZe(l �molym�ibosonmes omm time mmieimmbramme,

preventing timeim- disruption into noimfunc-

tioning 80S ribosonmes. In addition, imydro-
cortisone may have stimmmulated time fornma-

tion of new mmmenmbrane-boumnd poiym-ibosommmes

frommm time P00l of free 80 � particles, l)erhaPs
by mmiaking available mmmore nmRNA on 45 5

�a rt i des.
Hydrocort-isone probably stimimulates time

synthesis of botim nRNA and rRNA (10-
12, 25), and the resultant increase in total

cytoplasmic RNA becomes detectable some
imours after treatment (10). Evidence has

i)een presented! (13-15) that the newly syn-
thesized RNA of the 45 S particle includes

rRNA as well as imiRNA. rfhe increased
labeling of timis particle after hydrocortisone

administration is thus consistent with timis
interpretation, likely reflecting an increased

syntimesis of both rRNA and mR-NA. In-

creases in the synthesis of transfer RNA
(26) and in the uptake of amino acids (27,

28) have also been noted after Imydrocor-

tisone adimministration. However, no infor-
nmation is as yet available to permit a de-

cision as to whicim or, indeed, whetimer one
of these several phenomena reflects the
primary action of time imormone.
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