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Summary: The early and later effects of estradiol-17Rf and estriol on
the RNA polymerase activities of uterine nuclei obtained from ovariectomized
rats were compared. At 4 hr of hormone action both estradiol-178 and estriol
stimulated the activity of polymerase I, but not the activities of polymerases
IT and III. At 24 hr, however, the effect of estriol had disappeared, whereas
estradiol-178 stimulated all three polymerase activities. These results indi-
cate that estrogen-induced growth of the uterus occurs in two phases, initia-
tion and maintenance. Estriol initiates uterine growth, but does not maintain
the process. Estradiol-17(3, in contrast, does both. The differences in the
effects of the two estrogens may reside in their different binding affinities.

Increased RNA synthesis has been shown to be an early and important
event in the action of estrogen in inducing growth of the uterus (1). The
stimulation by estrogen of uterine growth has been correlated with an increase
in RNA polymerase activity in isolated nuclei and an increase in the number
of cytoplasmic ribosomes (2). Moreover, the time course of stimulation is
different with respect to the different types of RNA polymerases (2). Several
reports have indicated that the early hormonal effects of estradiol~17Rf and
estriol in the uterus are similar (3,4), whereas the later effects are not
(3,5,6). The purpose of the investigation now reported was to compare the
effects of these two estrogens in vivo on the activities of the RNA polymer-
ases I, II, and IIT in isolated uterine nuclei at early (4 hr) and later

(24 hr) periods of hormone action.

Materials and Methods

Female Sprague-Dawley rats were used not less than three weeks after
ovariectomy. Estradiol-178 and estriol (20 ug) were injected intraperitoneally
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in 0.5 ml 50% (v/v) propylene glycol, 0.9% NaCl. Control animals received
only the carrier solution. Animals were treated in groups of 6 and, at the
indicated time, killed by cervical dislocation. Their uteri were quickly
excised and pooled in ice-cold 0.25 M sucrose, 1 mM MgCl,. Each uterus was
cleaned of fat and mesentery and then slit lengthwise.

Uterine nuclei were isolated essentially as described by Widnell et al.
(7) with modifications. The finely minced tissue was homogenized in 10 vol-
umes of 0.5 M sucrose, 5 mM MgCly; with the Polytron PT-20 (Brinkmann Instru-
ments) for 30 sec at 60v and then 120 sec at 40v. The homogenate was filtered
through polyester cloth, diluted to 0.45 M sucrose with Hp0, underlaid with
the 0.5 M sucrose, 5 mM MgCly, and centrifuged 10 min at 1000 x g (avg.).

The pellet was washed once in 0.5 M sucrose, 1 mM MgCl,. The crude nuclel
were purified by sedimentation through 2.1 M sucrose, 1 mM MgCly for 60 min
at 40,000 x g (avg.). The purified nuclei were washed once in 0.5 M sucrose,
1 mM MgCly, and then suspended in 0.25 M sucrose, 1 mM MgClp. Small aliquots
were quick~frozen in a dry ice-ethanol bath (-70°C) and stored at -30°C.
Freezing, storage, and thawing did not affect the nuclear RNA polymerase
activities. DNuclear DNA was determined using calf thymus DNA as a standard
(8,9,10).

Liver nuclei were isolated by essentially the same procedure. Approxi-
mately 7 gm of liver from one rat was homogenized in 3 volumes 0.5 M sucrose,
5 mM MgCly, in a teflon-glass homogenizer with 30 strokes of the motor-driven
pestle operated at 60v. The remainder of the procedure was the same as that
for uterine nuclei.

The RNA polymerase activities of the isolated nuclei were determined
under the Mg-low salt and Mn-high salt assay conditions essentially as des-
cribed by Widnell and Tata (11). o-Amanitin, however, was added to some
reaction mixtures to allow for the assay of RNA polymerases I, II, and III
after the terminology of Roeder and Rutter (12). o-Amanitin inhibits only
polymerase IL at low concentrations in vitro (13).

Polymerase I activity was determined in a Mg-low salt reaction mix-
ture containing a~amanitin. A final volume of 0.5 ml contained: 50 pmoles
Tris-HC1l buffer (pH 8.5 at 25°C), 2.5 pmoles MgCly, 10 uymoles monothiogly-
cerol, 0.1 uymole EDTA:Naj, 0.1 ug o-amanitin, 0.3 umole each ATP, GTP, and
UTP, .003 pmole [3H]CTP (6 pCi), and 0.1 ml nuclear suspenmsion (uterine
nuclei, 35-85 ug DNA; liver nuclei, 75-100 ug DNA). The reaction mixture
was incubated at 309C for 15 min. The reaction was stopped by the addition
of 0.5 ml cold Q.1 M NaPPi, pH 7 with HCl, containing .025 pmole CTP and 50
ug RNA.

The combined activity of polymerases II + III was determined in a Mn-
high salt reaction mixture that contained, in 0.5 ml: 50 ymoles Tris-HCl
buffer (pH 7.5 at 250C), 2.0 ymoles MnCly, 200 umoles (NH;)2S04, 10 ymoles
monothioglycerol, 0.1 yumole EDTA:Naj, 0.3 umole each ATP, GTP, and UTP, .003
umole [3H]CTP, and 0.1 ml nuclear suspension. The reaction mixture minus the
CTP was "preincubated" at 30°C for 15 min, after which time the CTP in .05 ml
was added, and the incubation continued for another 45 min. The reaction was
stopped as for polymerase I.

The activity of polymerase III was determined with o-amanitin (0.1 ug)
in the Mn-high salt reaction mixture described above. Polymerase Il activity
represented the difference between the polymerase IIT activity and the poly-
merase activity in duplicate. Reaction mixtures to be used as assay ''blanks"
had the [3H]CTP added after the reaction was stopped.

The [3H]RNA was precipitated by adding 1.0 ml cold 20% trichloroacetic
acid (TCA) to the stopped reaction mixtures. The precipitates were collected
with vacuum on membrane filters (25 mm dia., 0.8y pore) and washed with 15
ml 15% TCA, 0.1 M NaPPi; 5 ml 10% TCA; 5 ml 70% ethanol, 10%Z K-acetate; and
5 ml 70% ethanol. The precipitates were solubilized from the dried filters
by incubating in 0.8 ml 0.2 N NaOH for 60 min at room temperature. These
extracts were neutralized with 0.2 ml 57 acetic acid and mixed with 10 ml
of a toluene scintillation solution (5 gm PPO, 0.1 gm POPOP, 110 ml Bio~Solwv

738



Vol. 69, No. 3, 1976 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

BBS-3 solubilizer per liter). The radioactivity was determined in a Beckman
scintillation spectrometer. The 3u counting efficiency was always about 377%
as determined by the internal standard method. The average cpm (100-200)
for the "blank" reaction mixtures were subtracted from those of each poly-
merase assay mixture.

Table 1. Effect of G-amanitin on the RNA polymerase activities of liver
nuclei from intact rats.

Ug G=-amanitin polymerase

medium (per_mg_DNA) activity? % inhibition

Mg-low salt 0 353 0
0.01 324 8.1
0.05 309 12.5
0.1 304 13.8
0.5 287 18.8
1.0 281 20.4
5.0 276 21.9

Mn-high salt 0 614 0
0.01 237 61.4
0.05 96 84.4
0.1 77 87.5
0.5 70 88.6
1.0 85 86.2
5.0 69 88.8

a pmoles of CMP incorporated per mg DNA

Results

The data of Table 1 demonstrate the effect of increasing amounts of
o-amanitin in vitro on the RNA polymerase activities of liver nuclei assayed
in the Mg-low salt and Mn-high salt reaction mixtures described by Widnell
and Tata (11). Of the three major forms of eucaryotic RNA polymerase (I, II,
and III) that have been characterized thus far (12,14), only polymerase II
was inhibited at low concentrations of o~amanitin in vitro (13). This proper-
ty and the comparative ionic strength and divalent cation optima (12) provide
the methodological basis for the assay of polymerases I, II, and III in whole
nuclei (15). As shown in Table 1, the inhibition of nuclear polymerase II
activity reached a constant level in both the Mg-low salt and Mn-high salt
reaction mixtures at a ratio of 0.1 g of G-amanitin per 100 Mg of DNA,

the maximum amount of DNA as nuclei per reaction. Thus, the nuclear polymer-
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ase activities determined with 0.1 yg o~amanitin in the Mg-low salt and Mn-
high salt reaction mixtures represent those of polymerases I and III, respec-
tively. The activity in the Mn-high salt reaction mixture without c-amanitin
is that of polymerases II + III. The activity of polymerase II was deter-
mined by subtracting the polymerase II1 activity from the combined activity
of polymerases II + III.

Table 2 shows the effect on these polymerase activities in uterine
nuclei of estradiol-178 in vivo in ovariectomized rats. At 4 hr after hormone
treatment there was no change in the polymerase II activity. At 24 hr, how-
ever, there was a 607 increase in the activity of this polymerase. This

confirms the results reported by Hamilton et al. (2) for the estrogenic

Table 2. Effect of estradiol-178 in vivo on the RNA polymerase activities
of uterine nuclei from ovariectomized rats.

hours after estradiol-178

polymerase incorporation? % inhibition by o-amanitin
medium activity 0 4 24 0 4 24
Mg-low salt I 37 79 164 —_ _— —_
- +
Mg-low salt 1 30 71 160 19 10 2

O—amanitin (0.1 ug)
Mn-high salt IT+ITI 187 206 308 —_ —_ —_

Mn-high salt +

O-amanitin (0.1 ug) 111 14 22 30 93 89 90

1P 173 184 278 — - -

a pmoles of CMP incorporated per mg DNA
obtained by subtracting polymerase III activity from polymerase II + III
activity

stimulation of the Mn-high salt polymerase activity. The observed increase
of 1407 in polymerase I activity at 4 hr of estrogen action (Table 2) like-
wise confirms their results for the activity of the Mg-low salt polymerase
(2). While these investigators observed no further increase in the latter
activity up to 24 hr after hormone administration, our present results
indicate an increase of about 400% in the activity of polymerase 1 at 24

hr after hormone treatment (Table 2).
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Fig. 1. Comparative effects of estradiol-17B and estriol in vivo
on the activities of RNA polymerases I, II, and III in nuclei isolated
from uteri of ovariectomized rats. Each bar denotes the range of varia-
tion for three replicate experiments.

The comparative effects of estriol and estradiol-178 in vivo on the
uterine polymerase activities are shown in Fig. 1. At 4 hr after hormone
treatment, the two estrogens were equally effective in stimulating polymerase
I activity by about 80%. At 24 hr, however, only estradiol-178 evoked a
significant increase in polymerase I activity of about 400%. At &4 hr,
neither estrogen stimulated polymerase II activity, although both increased
polymerase III activity slightly. At 24 hr, however, estradiol-178 stimula-
ted polymerase II activity 607 and polymerase III activity 2207, while estriol
caused no stimulation of either polymerase activity. Thus, both estriol and
estradiol-178 are capable of inducing the short-term increase (4 hr) in poly-
merase I activity, but only estradiol-178 can effect the long-term increases
(24 hr) in all three polymerase activities.

Discussion

Hisaw (3) demonstrated that both estriol and estradiol-17f can initiate

uterine hypertrophy at 4-6 hr after administration of hormone, but that only

estradiol-17f can maintain the growth response measured at 24 hr after treat-
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ment. This is certainly related to the findings of Jensen et al. (16)
demonstrating that the uterus initially takes up both estriol and estradiol-
178, but does not retain estriol as well as estradiol-17R. These results
have been confirmed and extended by Anderson et al. (5,6). The difference in
the retention by the uterus of the two estrogens may be related to their
different binding affinities for cytoplasmic receptors. The respective
dissociation constants for the two estrogen-receptor complexes are 2 X lO_9 M

for estriol and 7 x 10_lO

M for estradiol-17R (17).

Our results suggest that the estrogenic stimulation of uterime hyper-
trophy (2,3) has two phases: initiation and maintenance. Estriol can initiate
uterine growth, but cannot maintain the process. Estradiol-178, on the other
hand, can do both. The activity of RNA polymerase I is stimulated during the
initiation (4 hr) of uterine growth by both estrogens. Enhancement of the
activities of polymerases II and III and additional increase in the polymerase
I activity are observed only if the stimulation of the uterus is maintained
to 24 hr of treatment with estradiol-178, but not with estriol. Baquer and
McLean (18) have shown that the activity of uterine ribose-5-phosphate
isomerase was increased during initiation of growth at 2 hr of estrogen
action. The activity of this enzyme increased again when growth was main-
tained for 16 hr, whereas the activities of many other uterine enzymes increa-
sed only when growth was maintained for 16 hr. Also DeAngelo and Gorski (19)
and Cohen and Hamilton (20,21) have described specific proteins whose induc-
tion is restricted to the early (initiation) phase of estrogen action.

Considered together, the observations discussed and cited above indi-
cate that the phenomenon of biphasic stimulations of multiple RNA polymerase
activities correlated with biphasic inductions of synthesis of specific
proteins or sets of proteins is a major feature of the action of estrogen(s)
in stimulating growth and development of the uterus. The relevance of this
correlation to the precise molecular mechanisms occurring in early and later

estrogen action remains to be elucidated.
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