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ABSTRACT

The incorporation of 3H-UTP into RNA by isolated rat bone marrow
nuclei is stimulated by testosterone. This effect is hormone and
tissue specific. Using a-amanitine and different ionic strenght con-
ditions it was found that testosterone enhances preferentially RNA
polymerase I activity. The sedimentation pattern of RNA isolated from
bone marrow nuclei shows that the synthesis of RNA species within the
14-30 S range is mainly stimulated by the hormone.

INTRODUCTION

It has been previously reported that the injection uf testosterone

stimulates total and nuclear RNA synthesis in rat bone marrow cells

(1, 2).
Eukaryotic cells contain at least three classes of RNA polymerase

whose enzymatic characteristics, intranuclear location and sensitivity

to different concentrations of a-amanitine are well known (3). The

activity of some of these enzymes is subjected to hormonal regulation

(4).
The present experiments were designed to investigate the effect of

androgens on RNA synthesis by isolated rat bone marrow nuclei and to

establish whether the hormonal effect is mediated by changes on the

activity of either class of RNA poly.merases I, II and III.

MATERIALS AND METHODS

Preparation of the nuclear fraction

Female Sprague-Dawley rats (200-300 9) were used in all the experi-
ments. The extraction of bone marrow cells and the preparation of the

nuclear fraction were performed as previously described (2). The

resulting nuclear pellet was suspended in 60 mM Tris-HCl buffer, pH 8.1.
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Aliquots were taken for measurement of RNA synthesis and for DNA

content (5).

Measurement of RNA synthesis

RNA synthesis was measured at low ionic strength in a reaction

mixture containing 60 mm Tris-HCl buffer. pH 8.1, 5 mm MfgCl2, 30 mm

KCI, 10 mr?l mercaptoethanol, 0.1 mm GTP, ATP and CTP, 1 um UTP, 2 uCi

3H-UTP and a proper volume of the nuclear suspension (10_50 ug DNA)

in 0.5 ml. For assays performed at high ionic strongh the mixture

also contained 0.4 m ammonium sulphate and 5 mm mnC12.

Reaction (15 min at 3 C)was tetminated by the addition of 2 ml of

10% (w/v) trichloroacetic acid containing 1 mm sodium pyrophosphate.

Mixtures were chilled and yeast RNA (200 ug in 0.2 ml) was added as

carrier. The precipitate obtained was filtered on nitrocellulose

filters (HAmP, Millipors) and washed (5 ml x 4) with 10% trichloro-

acetic acid. The filters were dried and radioactivity was measured

with a liquid scintillation spectrometer (Nuclear Chicago, Mark I)

using as scintillator a mixture of 4 g PPO, 400 ml ethanol and 600 ml

toluene, with an efficiency of 30%. Proper blanks were run for each

determination. RNA synthesis was estimated in terms of dpm 3H-UTP in-

corporated into acid-insoluble material/10 ug DNA.

Isolation and characterization of in vitro synthesized RNA

a) Isolation

The reaction mixture described above was used but GTP, UTP, ATP

and CTP concentrations were I uM and 2 uCi each of the four labeled

nucloosides triphosphates used, instead of 3H_UTP.
Reaction was terminated by the addition of 5 ml of 1% sodium dode.

cylsulphate containing 0.1% diethyl pyrocarbonate and 1 mM MgC12 end

1 volume of phenol-cresol-H20 (7s1s2) mixture containing 0.1% hydroxy.

quinoline. Newly synthesized RNA was isolated by the method described

by Nicol et al. (6).

b) Characterization

RNA isolated by the above method was eolubilized in 2 ml of 0.05 m

sodium acetate buffer, pH 7.0 containing 0.05 M NaCl and 20 mg/ml of

popyvinyl phosphate. An aliquot (15,000 dpm in 0.2 ml) of the

solution was layered on top of a linear 5-20% sucrose gradient, con.

taining 1% sodium dodecyloulphate and centrifuged in the So 65 L Ti
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rotor of the Beckman L2 658 ultracentrifuge for 4 hr at 45,000 rpm at

20 C. Fractions (0.19 ml) were collected and 0.1 ml of a 1% bovine

serum albumine solution and 5 ml of 10% trichloroacetic acid solution

were added in the cold. The acid-insoluble material was collected by

centrifugation at 2,500 g for 15 min and washed (5 ml x 2) with 10%

trichloroacetic acid. The pellet obtained was solubilized in 0.2 ml

of Protosol (New England Nuclear) and radioactivity was measured using

a dioxane scintillation solution with an efficiency of 40%.

Chemicals

3H-CTP (28.6 Ci/mmol), 3H-UTP (36.0 Ci/mmol), 3H_GTP (8.1 Ci/mmol),
3H-ATP (26.2 Ci/mmol) were obtained from New England Nuclear. ATP, CTP,

GTP, UTP, testosterone, estradiol-170, 5a-dihydrotestosterone (17p.
hydroxy-5a androstan-3 one) and 5..dihydrotestosterone (17p-hydroxy-5a
androstan-3 one) were from Sigma Chemical Co. a_amanitine was from

Boehringer Sohn. All other chemicals were reagent grade.

RESULTS

Purified bone marrow nuclei actively synthesize RNA in an in vitro

assay which includes 3H_UTP and the unlabeled nucleoside-triphosphates.
In this condition a linear relationship is established between DNA in

the reaction mixture (10 to 50 ug) and 3H_UTP incorporated into RNA

both at high and low ionic strength conditions.
To study the effect of testosterone on RNA synthesis by the nuclear

fraction of bone marrow cells, experiments were done at two ionic
strengths and results are presented in Table 1. Testosterone increases
the incorporation of 3H-UTP into acid insoluble material at both condi-
tions, however the stimulatory effect of the hormone is more notorius
at the low ionic media. In this case an enhancement of 43% on the
3H_UTP incorporation into RNA was obeerved as compared to the control.

Table 1 also ehows that when liver nuclei are used, testosterone does

not increase the incroporation of 3t_UTP into RNA in none of the salt

conditions used.

The effect of several steroids on the 3HmUTP incorporation into RNA

by bone marrow nuclei was studied and results in Table 2 show that

5a-dihydrotestooterone, 50-dihydrotestoeterone and estradiol-l70 do not

mimic-the effect of testosterone on the incorporation of 3H_UTP into

acid-insoluble material.
The ionic dependence for the effect of testosterone on RNA synthesis
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Table I

Effect of testosterone on RNA synthesis by bone marrow and liver nuclei.

Conditions dpm 3HwUTP incorporated/10 ua A

A.- Low ionic strength

bone marrow nuclei 8,460 ± 600*
+ testosterone 12,000 ± 750

liver nuclei 15,000 ± 1,200
+ testoeterone 16,230 t 1,260

B.- High ionic strength

bone marrow nuclei 32,600 ± 650
+ testosterone 41,500 ± 1,050
liver nuclei 44,800 t 2,160
+ testosterone 46,000 ± 2,500

Whe data represent the mean t S.D. of four determinations.
Testosterone was added to the reaction mixture at a final concentra.
tion of 5 x 10-9 M.
Conditions for incubation and measurement of 3H.UTP incorporation
into RNA were done as described in materials and Methods.

Table II

Effect of different steroids on RNA synthesis by bone marrow nuclei at
low ionic strength.

Addition dpm 3H-UTP incorporated/10 up DNA

none 7,980 t 560*

testosterone 11,450 ± 630
Sa-dihydrotestosterone 8,500 ± 660

5p-dihydrotestosterone 8,300 ± 580

estradiol-l17 8,100 t 710

*The data represent the mean ± S.D. of four determinations.
Testoeterone, 5a-dihydrotestosterone, 5-dihydrotestosterone and
estradiol-170 were added to the reaction mixture at a final concen.
tration of 5 x 10-90. Reaction mixture and measurement of 3H-UTP
incorporation into RNA were done as described in Materials and
Methods.

suggests that different RNA polymerases might be involved in the

process. In order to gain insight into the types of RNA polymereses

engaged in RNA synthesis under the effect of testosterone, experiments
were done in the presence of a-amanitine at two ionic strength condi_
tions.
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The results in Figure 1-A show that at low ionic strength condition,

testosterone stimulates 3H-UTP incorporation up to 50% as compared

with controls. In the presence of a-amanitine at low (0.1 ug/ml) or

high (100 ug/ml) concentration, there is an inhibition in the incorpo-

ration of the radioactive precursor of 22% and 37% respectively, in

comparison to controls. However, when bone marrow nuclei are incuba-

ted in the presence of testosterone and a-amanitins, there is an

increase of 76% at low a-amanitine concentration (Figure 1-8) and 86%

at high a-amanitine concentration in the 3HWUTP incorporation into

RNA, in comparison to controls containing a-amanitine alone (Figure

i-C).

Experiments done at high ionic strength conditions indicate, as
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Cioure 1. The effect of testosterone and aaamanitine on RNA synthesis

by bone marrow nuclei at low ionic strength.
A. bone marrow nuclei incubated in the the presence ofts nong(C)t tes-

tosterone (T) (5 x 10mg U), amamanitine (a-el) (0.1 ug/mI) or

£-smanitine (6'02) (100 ug/ml)
8. bone marrow nuclei Incubated in the presence of a-amanitine (c)

(0.1 ug/al) to which testosterone (T) was added.

C. bone marrow nuclei incubated in the presence of a-aaanitine (C)

(100 ug/mi) to which testosterone (T) was added.

Each bar represents the mean ±: SD of 3 determinations

For experimental conditions, see Material and Methods.
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shown in Figure 2-A, that testosterone stimulates up to 20% the 3H-UTP

incorporation into RNA, as compared to controls. In the presence of

a-amanitine at low (0.1 ug/ml) and high (100 ug/ml) concentration

there is an inhibition of 22% and 85% respectively, in comparison to

controls. When bone marrow nuclei are incubated at high ionic strength

conditions in the presence of testosterone and a-amanitine, there is

and increase in the 3H-UTP incorporation into RNA of 11% at low a-ama-

nitine concentration (Figure 2-8) -and 84% at high a-amanitine concen-

tration (Figure 2-C) in comparison to the respective controls con-

taining the toxine alone.

The partial characterization of the RNA synthesized in the presence

of testosterone was obtained after sucrose density gradient analysis.

In Figure 3, the sedimentation pattern of the RNA extracted from the

reaction mixture is presented. It can be seen that among the RNAs

species with higher radioactivity are those having sedimentation

coefficients within the range of 14 and 30 S.
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Flgure 2. The effect of testosterone and amamanitine on RNA synthesis
by bone marrow nuclei at high ionic strength.
See legend to figure 1 tor details.
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DISCUSSION

The present data demonstrate that testosterone stimulates the incor-

poration of 3H-UTP into RNA in isolated rat bone marrow nuclei and

confirm previous reports of the in vivo effect of the hormone on

nuclear RNA synthesis (2).

In a previous communication we have reported that the entry of tes-

tosterone to bone marrow nucleus does not requires cytoplasmic compo-

nents and it depends only on the presence of a nuclear receptor (8).

The stimulatory effect of testosterone on RNA synthesis in bone marrow

nuclei and the lack of effect of the hormone in liver nuclei give

further support to the above conclusion. We assume that this tissue-

specificity is due to the fact that in liver celle the entry of andro-

gens to the cell nucleus requires a cytoplasmic receptor (9).
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Figur 3. Centr.ifugation patterns of RNA extracted from bone marrow
nuclei. Control (A - A) and testosterone-treated nuclei (S - I).
The arrows show calculated sedimentation coefficients (7).
for details sea Materials and Methods.
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Comparative studies on the effect of different steroids on RNA syn-

thesis by bone marrow nuclei suggest the existence of hormone-specifi-

city. Thus, steroids such as 5a-dihydrotestosterone, 5-dihydrotestos-

terone and estradiol-l?p are not as effective as testosterone to

stimulate RNA synthesis. This specificity seems to be due to the inte-

raction of testosterone with a highly specific nuclear receptor which

shovs low binding affinity for others steroids (10).

The maximun effect of testosterone on RNA synthesis is observed

when nuclei are incubated at low salt conditions, even at high concen-

trations of a-amanitine (100 ug/ml). At this concentration of the

toxins, RNA polymerases II and III are known to. be completely inhibited

whereas RNA polymerase I is not affected (11). Therefore, the increa-

sed 3H-UTP incorporation into RNA induced by the hormone suggests that

the hormonal effect might be mediated by a modification on the activity

of RNA polymerase I. This assertion was confirmed by the results

obtained after measuring RNA synthesis conduced at a high salt medium.

Thus, the addition of a-amanitine (100 ug/ml) produces on inhibition

of 85% on the incorporation of 3H_UTP into RNA; this result seems to

be the consequence of the inhibitory action of the toxin on RNA poly_

merases II and III. Since in these conditions testosterone induces a

2 fold increase in the 3H-UTP incorporation into RNA, in comparison to

controls with a-amanitine but lacking testosterone, these results might

suggests a specific effect of testosterone on the activity of RNA poly-

merase I. This enzyme is not affected by high concentrations of toxine.

According to the differential sensitivity of RNA polymerases to

variable concentrations of a-amanitine it is posible to determine the

relative contribution of each class of RNA polymerass to synthesize

RNA in bone marrow nuclei. In control nuclei, RNA polymerase I acti-

vity accounts for the synthesis of approximately 15% of RNA being

formed, but in the presence of testosterone the enzyme seams to be more

actively engaged in RNA synthesis and it accounts for 22% of the RNA

formed. After the addition of testosterone RNA polymerese II end III

activity accounts for 86% of RNA being formed; in the absence of the

hormone the enzyme activity aceounts for 76% of RNA. Thus, there wes

not a marked difference in the activity of RNA polymerass II and III,

while there was a significant difference in the activitY of RNA poly.

merass I in the presence of testosterone.Therefore,these reewits allow

to conclude that the activity of RNA polymerase I is hormone-dependent.
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It is worth mentioning the high activity of RNA polymerase III, sen-

sible to high dosis of a-amanitine. Several reports have revealed that

the cellular level of this enzyme is higher in tissues with apparently

greater rates of growth and proliferation (12, 13) as is the case of

rat bone marrow.

The increased incorporation of nuclooside triphosphates seems to be

a direct effect of the hormone on the transcriptional activity of

chromatin rather than an effect on the entry rate of nucleotides to

the nuclei or to changes produced on the activity of bone marrow

nuclear endonucleases (14). Experiments with broken nuclei have shown

that testosterone stimulates RNA synthesis to the same extent as it

occurs when intact nuclei are used, excluding thus an effect at the

nuclear membrane level. It has been shown that testosterone, at the

in vitro conditions used in this work, does not modify the activity of

nuclear ribonucleases (unpublished results)

Although it was clear that testosterone stimulates RNA synthesis, it

was not determined whether changes on RNA polymerase I reflects modu-

lation of the activity of a constant nuclear population of enzymes

molecules or a greater availability to the DNA template due to confor.

mational changes on bone marrow chromatin.

The rate of synthesis of all species of RNA seems to increase after

the administration of testosterone to rats (2), however according to

our findings it is expected that the rate of synthesis of rRNA should

increase to a greater extent than does the rate of DNA-like RNA or

tRNA. The sedimentation pattern of RNA synthesized by bone marrow in

the presence of testosterone shows that 14 - 30S RNA species were pre-

dominantly formed in these conditions. Accordingly, we assume that

among the RNA stimulated by the hormone the ribosomal RNA may be

present,

Thus, we propose that testosterone stimulates rRNA synthesis in rat

bone marrow nuclei by a selective effect on the activity of the nu-

cleolar Mg++-dependent RNA polymerase I. Similar mechanism of action

has been described in several others androgen-dependent tissues (15).
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