ACTION OF ESTROGENS ON RECONSTITUTED NUCLEOHISTONES
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The action of estrone, 178-estradiol, and estriol on the degree of binding of histones with
DNA in reconstituted nucleohistones and the effect of these hormones on thermal denatur-
ation of nucleoproteins were studied. Estrogens in concentrations of 10-5 M were shown
not to change the protein/DNA ratio by weight in partially reconstituted ¥, Fy,, Fyp, and
F3 nueleohistones and in total nucleohistone reconstituted from DNA and an equimolar
complex of histones F,,, Fyp, and F3, Treatment with estrogens in the above-mentioned
concentration does not change the melting point of any of the nuclechistones studied. The
effect of estrogens on thermal denaturation of total nucleohistone and of partially recon-
stituted nucleohistones Fyq, Fyy, and Fj consists qf an increase in the hyperchromic ef-
fect of the first phase of melting and a corresponding decrease in the hyperchromic ef-
fect of the other phases. Estrogens did not change the thermal denaturation profile of
partially reconstituted nucleohistone Fy.
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After administration in vivo estrogens increase the amount of mRNA available for transcription from the
DNA template and consequently increase protein biosynthesis in target cells, thereby causing growth of the
uterus [1, 3]. The fact that 178-estradiol can be extracted from crude and purified preparations of chromatin
from the uterus of estrogen-induced rats is evidence that the hormone is incorporated into the composition
of the chromatin [8]. Although estrogens have very low affinity and low specificity for DNA {15], they have
been shown to form a stable complex in vitro with the basic proteins of chromatin [2]. Comparison of all the
data suggests that estrogens may act on the structural and functional organization of nucledproteins.

The object of this investigation was to study the action of estrogens on the degree of binding of histones
with DNA and to analyze the effect of these hormones on thermal denaturation of the reconstituted micleohis-

tones.
EXPERIMENTAL METHOD

The 178-estradiol, estrone, and estriol used in the experiments were from Calbiocliem (USA), and the
calf thymus DNA was type I from Sigma (USA).

Calf thymus histones were isolated and fractionated by the method of Johns [5]; the purity of the histone
fractions was verified by electrophoresis in polyacrylamide gel, pH 4.3 [9l.

Nucleohistones were reconstituted by stepwise dialysis in an NaCl concentration gradient {from 2 to 0.15
M; all solutions contained Tris-HCl, pH 7.0). Individual histone fractions dissolved in 2 M NaCl or an equi-
molar mixture of histones F,s, Fap, and F3, made up in the same solvent, were added in the required propor-
tions by weight to a solution of DNA in 2 M NaCl. The original concertration of the DNA solution was 180
pg/ml and the protein concentration did not exceed 800 ug/ml, The original ratio of histone/DNA by weight
was 1.5 for all the reconstituted nucleohistones except partial nucleohistone Fy, for which this ratio was 1,
The salt concentration in the reconstitution medium was reduced successively by a series of dialyses for 3 h
at 4°C against 1 liter of the corresponding solvent. The protein/DNA ratio was estimated in the resulting
preparation of reconstituted nucleohistone by determining the protein concentration by Lowry's method [7] and
the DNA concentration by the optical density (D) at 260 nm. Protein not bound with DNA in the course of re-
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constitution was separated from the nucleoprotein by gel-filtration on Sephadex G-75. The true histone/DNA
ratio in the preparation was calculated from the DNA and protein content in the sample corresponding to the
maximum on the nucleohistone elution profile,

To study the action of estrogens on the degree of binding of histones with DNA in the reconstituted nu-
cleohistones an alcoholic solution of estrone, estriol, or 178-estradiol, in a concentration of 10~° M, was
added to 1 ml of nuecleohistone solution. Tle alcohol concentration in the samples dod not exceed 5%, The
resulting mixture was stirred and kept at 4°C for 12 h, The nucleohistone treated with the hormone was then
fractionated on Sephadex G-75 as described above.

Intact and estrogen-treated preparations of nucleohistones, characterized by reference to their stoich-
iometric protein/DNA ratio in the course of fractionation, were subjected to thermal denaturation (melting)..
The reconistituted nuclechistones were melted in a 1-cm quartz cuvette, in which the solution was heated from
30 to 96°C, and the change in D at 260 nm was recorded every 2°C after preliminary exposure for 5 min to the
assigned temperature., The melting point of the nucleohistone (mp) was determined as the temperature corre-
sponding to half of the hyperchromic effect obtained during their denaturation. To identify the transitional
zone on the melting profile the derived melting curve was plotted, For this purpose the temperature derivative
of D was found by the equation

6 260
dD D%ir"‘Dr—x

T 2

The transitional zone between the melting phases corresponded to the temperature at which the temper-
ature derivative D was minimal.

EXPERIMENTAL RESULTS

Values of .the stoichiometric ratio of histone/DNA for intact and estrogen-treated reconstituted nuclechis-
tones in a concentration of 10~° M did not change the protein/DNA ratio by weight for any type of individual
nucleohistone. Essentially estrone, 178-estradiol, and estriol, in the same concentration, did not affect the
degree of binding of the complex of histones Fya, Fop, and Fy with DNA in total nucleohistone. (The term
"total nucleohistone® is applied to the nucleoprotein reconstituted from DNA and an equimolar complex of his-
tones.) Such nucleohistone has been shown to simulate the structure of native DNP [11].

However, despite the absence of stoichiometric changes in the nucleohistones treated with estrogens the
possibility cannot be ruled out that these steroids cause conformational changes in nucleoproteins, Criteria
of the secondary structure of nucleohistones are the parameters of their thermal denaturation, i.e., mp and
hyperchromic effect. The addition of histones to DNA in solution leads to the formation of DNP complexes
that are more resistant to thermal denaturation than the nucleic acid. This is expressed as the appearance
of a second phase on the melting curve, the melting point of which is much higher than that of free DNA, The
melting profile of total nucleohistone consisted of a three-phase curve, in agreement with data obtained by
other workers [10, 14]. Treatment of all types of nuclechistones studied in these experiments with estrogens
caused no change in the corresponding melting points. However, treatment with hormones (esterone, 175-
estradiol, or estriol) changed the distribution of the total hyperchromic effect among the phases of melting of
the individual nuclechistones F,,, Fsp, and F; and total histone. This phenomenon was expressed as an inerease
in the hyperchromic effect of the first phase of melting and a corresponding decrease in the hyperchromic ef-
fect of the remaining phases (Table 2). The magnitude of this redistribution of the total hyperchromic effect
varied from 31% (for nucleohistone F,g treated with estradiol) to 11% (for nucleohistone Fy}, treated with es-
triol). After treatment with estradiol or estrone the fraction of the hyperchromic effect corresponding to the
first phase of melting of total nucleohistone was increased by 21% compared with the fraction of the hyper-
chromic effect of the second and third phases, By contrast with the remaining types of reconstituted mcleo-
histones, the profile of thermal denaturation of nucleohistone F,, treated with estrogens, was indistinguishable
from the control.

The changes in the thermal denaturation profile of total nucleohistone and of the partial nucleohistones

Fy5, Faps and F; produced by estrogens, as described above, may be due, it can tentatively be suggested, to
hormone-induced modification of interaction between the components of the nucleoprotein, One result of this
modification is an increase in the total length of the free segments of DNA in the nucleohistone, which can take
place during estrogen-dependent derepression of the genome of target cells. Interaction of histones Fyg, Fopy
and F; with one another in the composition of DNP has been shown to determine the subunit structure of the
nucleohistone [6]. According to the subunit model of nucleohistone structure, DNA exists in the subunits as a
superhelix [12]. It may be that the estrogen, with its increased affinity for hydrophobic regions, breaks the
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weak histone—histone bonds (which are hydrophobic in nature) and so destabilizes the DNA superhelix, The
absence of effects of estrogens during thermal denaturation of partially reconstituted nucieohistone F; con-

firms this hypothesis. Some workers have expressed the opinion that the lysine-rich F, histones do not take
part in the formation of the subunit structure of DNP [4, 13].
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