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_1n the course of our studies on the stimulation of
RNA synthesis in sat liver nuclei by cortisoi [1-71,
we were confronted with the task of identifying the
nature of the newly synthesized RNA. Among other
experimental tools, we have uiitized the proporty of
actinomycin D to inhibit preferentially - RNA syn-
thesis, as a criterion for the type of RNA synthe-
sized. During these experiments wa observed an inhi-
bitory effect of cortisol on the RNA polymerase ac-
tivity of liver nuclei from rats previously submitied
to zctinomycin D ireatment.

In a series of experimenis, fonr groups of male
Wistar BR 11 rats, 100200 g, were treated as follows:
one group received i.p. 1.5 mg{10D g actinomycin D
dissolved in tris-buffer cortaining 0.25 M sucrose,
0.025 M XCl ard 0.01 M MgCl,, pH 7.55 (TSS).
Thirty minutes later 2.5 mpf100 g cortiso! suspended
in TSS was administered i.p. A second group of ani-
mals were treated as above. but instead of coriisol the
same amount of TSS was injected. A third group re-
ceived cortisol alone; and a fourth group, acting as
control, received only the corresponding amount of

 buffer. Forty-five minuizs after the last injection, the
animals were sacrificed by cervical dislocation, the
liver perfased with: ice-cold TSS, and $iver nuclei pre-
pared with Triton X-108i as previously described {5].
-RNA polyinerase was z:s ayed either in the ‘“nucliear
sediment” obtained after hypotonic lysis of the muclei
[7] or as “aggiegate enzy mz” according to Weiss §83.

‘The assay was performei by measuring the asnonnt of
14C-UTP incorporated into 5% PCA insoiuble material.
The resvils are shown in fig. 1. 1t is svident that corti- .

sol stimulates RNA polymerase: activity of rat liver

‘nuclei as reported previensly {2]. In these experiments
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we found a stimuiation of about 20% over the con-

trols. Actinomycin P causes a 44% inhibition of the
RNA synthesis in this system, while, contrary to our
expeetations, the RNA polymerase activity of the
animals having received botk actinomycin D ant cor-
1350l was even lower (7.% inhibition). To climinate
uncontrollable factors angd secondary effects, we
undertock the confirmation of these findings in an
in vitre system, using concentvations of 20 pg per ml
of actinomycin D. Lower concentrations of the anti-
biotic inhibit RNA polymerase activity to a lower
degree (see table 1). Muclei isolated as described Lcove
were incobated at 37°C either with actinomycin D
dissolved in TSS or with TSS alone for 5—10 min,
and then in the presence or the absence of 5 pgfml
cortiso} for another 10 min. The incobation was
stopped by adding two vohwnes of icecold TSS and
the nuclei recovered by centrifegation. RNA poly-
merase was 2ssayed either in the ‘nuclear sediment’
or as ‘aggregale enzyme’. The resnlis are shown in
iable 1. )

As i tae in vive experiments, cortisol stimalates
in vitro the RNA polymerase activity of the nuclel
{5, 71 while actinomycin alone inhibits it to about
55% in respect to the controls. Addition of cortisol
{0 the actinomycin incobated nnclei resulis in 2 still
ereater inhibition of the RNA polymerzse activity .

‘which reaches values as low as 30% of the controls.

This paradoxical efiect conld not be seer & actino-
niycin I was given simuliaseousiy or after cordisol
administyation, eitker in ¥ivo or & virro {table 1),
suggesting that actinomycin shorid be present when

" cortisol begins 1o act. Since cordiscl inhibits RNA -

synthesis in the _th'jmus_ gland {9, 16}, an explana-
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In vitro effects of comsol and actinomycin D on the RNA

polymerase activity of isolated rat fiver nuclei

pumol ¥4C-UTP incorporated
into RNA per mg protein
Incubation fime
4 min 8min
Control 3.90*0.161 56510.182
Actinomycin D (2 ug/mD 401 +0.180 52710095
Acﬁ_nomycin D (310 pz/ml) 2.56 £0.105 4.32*0.113
Actinomycin D (20 agfm) 1.96 £0.071 207x0.114
Cortisol 5.91 £0.193 7.24 £0.204
Preincnbation with aclino-
mycin D (20 pg/mi), then
cortisol 1.27 £0.088 1.61 X0.091
Simnltaneouns incnbation
with actinemycin D
(20 pgf/md and cortisol 1.89 x0.101 2.18*0.142
Preincubation with cordisol,
then actinomycin D
{20 ug/ml) 2.01 £0.092 1.9230.123

incebalicn time (min)

Fip. 1. “In vivo™ effects of cortisol and actinomycin D on the
RNA polymerase activity of rat fiver nuclei. Rat liver nuclei
were isolated from animais treated as described in the text
and the “‘agregaiv enzyme™ according to Weiss was prepared.
RNA polymerace activity was measured in a system consist-
ing of 0.25 pMoi each of ATF, GTP and CTP; 0.1 uC 14C.
UTP, 2.5 ubMol creatine phosphate, 5 pg creatine phospho-
kinase, 1.5 uMe! mercaptoethanel, 1 uMol MnSO,4 and 12
uN el tris, pH 7.4, in a final velume of 0.150 ml. For each
a2ssay amounts of “agregate enzyme™ conresponding to 130
18 DNA were add=d. Aliquois were collected on filter papex
discs and the radioaciivity incorperated into RNA measured
as described in ref. [&}. Each point of the curve is the mean
©f duplicate determinations from five experiments,

tion of the paradostical effect could be that the hor-
1mo;ie not only activates some genes in the liver cell
nucleus {7, 11, 12}, but also represses actinoniycin D
insensitive RNA synthesis. Assuming that the newly
derepressed fragments of the genome will be rapidly
biocked by actinomycin D before RNA polymerase
binds to them, only the inhibitory effect of cortisol

- wouid appear, 1esulting in levels of RNA synthesis
below the actinomycin values. When actinomycin D
is given simultanecusly orafter cortisol treatment,
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Isplated 7at liver nuclel were treated as described in the texi
and then lysed in 0.05 M trisfHCI buffer pH 7.4. The nuclear
sediment obtained after centsifugation at 8000 X g for 10 min
was suspended in 0.065 M trisfHCl buffer pH 7.9, to a final

concentration of 30 mg protein/m), and used for the assay of
the RNA polymerase as described in the legend to fig. 1. Each

value sepresents the means and standard deviation of duplicate
determinations from five experiments.

some RNA polymerase molecules shonld bind io acti-

" vated genes making their DNA inaccessible to the anti-

biotic. We have therefore studied the influence of cor-
tisol on the uptake of iabelled actinomycin D by the
nuclei. Two series of experimenis were performed. In

one series rat liver nuclei isolated after the methed of
Chauveau et al. 113] were incubated for 5 min with

different steroids {2 X 10—5 M) and then 20 pg/ml
3H-actinomycin D {spec. act. 73 uCfmg) was added -
to the incubation mixture. The incorporated radioac-

‘1ivity was measured by taking aliquois at different

time intervals. The results of these experiments are
shown in-table 2. Preincubation of the nuclei with
cortiso] or testosterone, which are known to produce
an activation of the RNA synthesis [5], resultsinan
increased incorporation of 3H-actmomycm D. Hor--
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Table 2

" Effect of different stercids on the uplake of 3H-actmomycm
D by isplated rat liver nncl=i

_FEBS LETTERS

October 1568
Table 3
Effect of cortisol on the uptakz of 3H—acunomycm D by iso-
iated rat Bver nuclei

3H.actinomycin D incorporaied
cpm per mg DNA (X 10~3)
incubation #ime

10 min 20 min
Control 128.20%+2.18 156.44 £4.02
Cortisol 148.68 1 5.66 170.72%7.12
Tesiosterone 151,88 39,73 168,60 23.33
Andrpsiendione 135.33%6.39 14880 F 1251
Pregnenoclone 129.61 +£4.26 147.14 2755
Control sonicated 143.60 £4.67 156.34 £3.82
Cortisol sonicated 176.34 £11,90 181,96 £13.15

Rat liver nuclei were incobated in TSS (2 mg protein/mi) in
the presence of different sieroids (in concentra‘uons of
3X30—5 M) for 10 min at 37°C and then H-actmomycm D
{20 pg/mil) was added. The incorporated radioaciivity was
measured in aliquotes taken at 10 and 20 min after washing
the nuclei three times with TSS. The final pellet was taken
in Vol 5 of Nuclear Chicago Solobilizer (NCS) and shaken
at 37°C for 4 hr. Scintillation counting was performed in
Bray’s solution using a Mark ¥ liguid scintillation counier
with a final efficiency of 18% as calcnlated by the channel
ratio method. Each value represents the means and standard
deviation of triplicate determination from two experiments.

monally inactive steroids like androstendione and preg-
nenolone do not influence 3H-actinomycin D binding.
Sirce the effect persists when the nuclei are sonicated
prior to the addition of 3H-actinomycin D we can as-
sume that the stimuiation in the uptake of radioactivi-
ty by the nuclei is independent of the integrity of the
nuclear membrane, and is probably a direct conse-
guence of the derepression caused by the hormone.
Moreover a similar stimnltion of 3H-actinomycin D
incorporation was observed using nuclei isclated by
treatment with deterzent, when cortisol was added
5—10 min after preir.cubation of the nuclei with 1a-
belled antibiotic (tatle 3). This finding supporis the
idea that newly derepressed fragments of the chro-
matin are rapidly blccked by actinomycin D and
therefore cannot be transcribed by the RNA poly-

. merase. Another possibility to explain the paradoxi-

- cal phenomenon described above could be an addi-

" tive effect of actinomycin D and cortisol on the break- ‘

down of néwly synthesized RNA by the nuclei. We

3H-acnnomymn D mcorporazed
cpm per mg DNA (X 10~3)

Incubation ime

{after additiocn of cortisol)

S min 16 N
Control 181.02 £3.92 189.35 *5.66
Cortisol 195.45 +8 15 21798 £10.12

Rat liver nuclei isolated by treatment with detergent were in-
cubated in TSS (2 mg protein/ml) in the presence of 38-acti-
nemycin D (20 pgf/m}) for 16 min at 37°C. Atiquots were
then further incubated at 37°C in the presence or in the ab-
sence of cortisol (3 X 10— M). The incorpurated radiozcti-
vity was measured in nliquots taken 5 and 10 rain aficr he
addition of cortiso), as described in table 2. Sach valne re-
piesents the means anad standard deviation of duplicate de-

terminations fo- two experiments.

have therefore measurcd the RNase activity of the
nuclei in the presence or in the absence of actino-
mycin D and cortisol. The resuit of in vivo experi-
ments were greaily variable and did not allow defi-
nite conclusions. Using isolated nuciei we found also

some degree of variation, but an additive effect of
actinomycin D and cortisol on the R Jase activity

could be excluded.

In gxperiments to be published, an inhibitory ei-
fect of actinomycin D on the uptake of 1-2 3H-
cortisol by isolateq rat liver nuclei could be demon-
strated. Since coriisol only binds 10 the protein com-
ponents of the chromatin and not to DNA or RNA
[14], the inhibitory effect of actinomycin D on the
binding of cor.isol by the nuclei is possibly the con-
sequence of structural reodification of the chromc-
somal proteins. Actinoraycin I has often been nsed
to inhibit hormonal metabolic effects dependent on
RNA synthesis. Our experiments foous atiention on
the iimporiance of the time sequence of administra-
tion of hormone and actinomycin D. :

‘We thank Prof. P. Karlson for fruitful discussion,
Mrs. C. Zimmermann and Miss C. Haenisch jor cap-
able technical assistance and the Deuische Forschungs- -
gemeinschaft for financial support. Labelled actinomy-
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<in D was kindly provided by Prof. E. Harbers, Inst.

Med. Physik, Univ. of Gbttingen. One of us (M. B)
~ is fellow of the Alexander von Humboldi-—Stifiung.
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